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Original Communications 


THE PHYSIOLOGY, PATHOLOGY, AND CLINICAL SIGNIFI- 
CANCE OF EXPERIMENTAL CORONARY SINUS 
OBSTRUCTION* 


Its Relation to Cardiac Surgery", Coronary Thrombosis, and Nutri- 
tion of the Heart by Thebesian Vessel or Coronary" 

Sinus Backflow 


Harold F. Robertson, M.B. (Tor.), B.Sc. (Med.), F.R.C.S. (C.) 
Toronto, Ontario 


' I ’HOUGH much lias been learned regarding the results of coronary 
*• artery occlusion, closure of any of the veins of the heart, or of the 
coronary sinus which drains the heart to a large extent has not been 
frequently noted or the concomitant pathologic and physiologic 
changes detailed. In the following clinical, pathologic, and physiologic 
study of such closure in animals enlightenment was desired on the 
following points: 

1. With the advance of cai’diac surgery the clinician requires data 
regarding effects subsequent to the occlusion of the cardiac Y"enous 
system, while from an experimental viewpoint these data are also 
valuable, especially with regard to whether ligation of veins with 
arteries will complicate studies on coronary artery closure. 


2. Duiing the course of these studies, physiologic changes indicating 
the libei ation in the heart of a vasodilatory and cardioinhibitory sub- 
stance were noted frequently following occlusion of the coronary 
sinus. The phenomenon occurred after the- sinus was closed, and the 
usual and largest return channel of venous blood thus blocked, if the 
thebesian vessels did not return enough blood from the heart wall di- 
rectly to the heart cavities to prevent congestion and cyanosis of the 
left heart. Considerable attention is paid today to the so-called cardiac 
hormone and to similar substances extracted from striped and un- 
sl ripC( !mlse ^ e as as other tissues which have a vasodilatory 
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action. 1 - 3 * * * * * * 10 The heart proves excellent for a study of such effects and 
their possible application for the alleviation of occlusive states of the 
coronary vessels. Further, these physiologic changes were correlated 
with pathologic findings. One hoped these findings would be valuable 
in that they should be those found by others to be coexistent with 
venous occlusion accompanied by various degrees of circulatory stasis 
in different regions of the body. 11 - 12 Here again the heart presented 
itself as an excellent site for the study of circulatory phenomena of 
this type, many of its responses being readily noted. 



pjg-. i. — Diagramatic representation of vessels of Vieussens and Thebesius (white) 
forming a network of vessels in connection with coronary arteries (black solid) and 
coronary veins (black dotted). The left coronary artery drains largely to the coronary 
sinus by its veins but has connections through the network with the left ventricular 
cavity. The right coronary artery drains largely to the cavities of the right auricle 
and ventricle through the network, little arterial blood returning to the right auricle 
by way of coronas veins. 


3. It has been suggested that blood from the heart cavities may flow 

into the heart wall to nourish it adequately and minimize the effects of 

coronary artery closure. Such a flow is said to occur along the small 

vessels shown by Vieussens to connect the arteries, and by Thebesius 

to connect the veins, of the heart wall with the heart cavities. 10, 13 " 17 - 10, 20 

If this were true and if the heart coidd tolerate readily closure of the 

coronary sinus, dilatation of the venous channels should follow such 

closure and subsequent coronary artery ligature should have minimal 

effects. Other workers have suggested that in coronary artery closure 

blood may flow back from the right auricle into the coronary sinus and 

its tributaries to penetrate the heart wall and nourish it.. 13 * ' 15 ' 20 - 21 The 

physiologic data in support of this concept need additions to show 

whether such a flow would be likely to occur and how efficient it might be. 
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4. Last, our work included extensive electrocardiographic studies, cor- 
related carefully with the other data, on the assumption that venous 
obstruction might present pictures different or capable of differentiation 
from arterial closure or might enhance our knowledge of the effects of 
cyanosis and myocardial death on conduction curves. 



Fig. 2. — Diagramatic representation of coronary arteries in relation to vessels of 
Vieussens (black solid) and coronary veins in relation to vessels of Thebesius (black 
dotted) and of supposed accessory modes of blood supply to the heart in coronary 
occlusion. 1A, coronary veins and vessels of Thebesius ; IB, coronary artery and ves- 
sels of Vieussens ; 2, vasa vasorum of ascending limb of thoracic aorta ; 3 , coronary 
sinus ; 4, pericardial, diaphragmatic, and other thoracic vessels by adhesions. 

LITERATURE 

The knowledge to date regarding these questions is summarized as 
follows : 

Anatomy . — Vieussens and Thebesius, by injection experiments and 
dissections in a variety of hearts, demonstrated that small channels join 
the cavities of the heart with the arteries and the veins of the heart Avail. 
It has since been demonstrated that these small vessels develop from 
embryonic sinusoidal channels which at first are only connected with the 
heart cavities, but later join the coronary arteries and A r eins. The size 
of the vessels must vary, and workers do not agree Avhether they are 
always capillary in size or Avhether they may have arteriolar and A-enular 
magnitude, or he even larger. They communicate very freely, however, 
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one with another, and with the intramural network of arteries and veins. 
Some attempt has been made to differentiate clearly the vessels of Vieus- 
sens', which are supposed to have to do only with the arterial side, from 
the vessels of Thebesius, said to bo venous in character. Though ana- 
tomically vessels eventually may be associated more intimately with one 
or other side of the circulation, the physiologic concept is the more im- 
portant and, as noted below, the whole system may functionally be 
grouped as one. Though clear-cut evidence is lacking, it is probable 
that the vessels of Vieussens and Thebesius are most numerous in the 
right heart, are quite numerous in the left ventricle, especially about the 



■pig. 3. Low-power photomicrograph of section of dog’s ventricular wall, showing 

large blood sinuses running far into the wall, and almost to the epicardial surface, 
from the ventricular cavity. 

apex, and are absent or rarely present in the left auricle. Such a dis- 
tribution agrees with Thebesius’ concept that the system is for rapid 
drainage of venous blood from the heart wall. This distribution also 
agrees 'with the fact that on the right side of the heart is found a thin 
and highly trabeculated wall, a short route necessary for the return of 
arterial blood to the right heart cavities, and a corresponding paucity 
of veins - wlv.k c,v. the left side of the heart there is a thick ventricular 
wall and a definite and efficient venous system to carry the Wood a rela- 
tively long distance to the right heart cavities 13 - ,5> (Figs- 1-4)- 
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The major veins of the right heart are about a half-dozen in numbei 
and usually enter separately into the right auricle. Several enter the 
sinus by way of the small cardiac vein or the right marginal vein. The 
veins of the left heart form a slightly variable but definite system. The 
veins accompanying the left coronary artery branches end in the coro- 
nary sinus, a structure 2 or 3 cm. long, which commences where the 
oblique vein of the left auricle and the left marginal vein join the great 
cardiac vein near the junction of the left auricular body with its ap- 
pendage. It possesses a rather inadequate valve near its commence- 
ment and another, equally inadequate, may be seen as its termination 
at the right auricle. 



Fig. 4. — Low-power photomicrograph of section of dog’s left heart wall some weeks 
after the coronary sinus of the heart had been ligated. Arrows trace several dilated 
thebesian vessels from endocardium to outer part heart wall. 

Pertinent variations in these arrangements are several cases where 
the sinus was not patent by reason of embryonic lesions or old inflam- 
matory lesions, yet no evidence of detrimental clinical or pathologic 
changes was noted in the hearts. In another case an arteriovenous 
aneurysm between a small artery and the coronary sinus of an adult 
heart had produced merely a slight dilatation of the joined vessels. 25-27 

Physiology . — It may be fairly said that Thebesius’ statement of the 
function of the vessels now named after him, and those also of the type 
described by Vieussens, still holds good. The vessels connecting the 
intramural arteries and the veins with the heart cavities were said to act 
as an overflow system for more quickly emptying the heart wall in case 
of sudden hyperfunction of the heart. The venous drainage of the right 
heart wall is largely into the cavities of the right heart directly, some 
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blood being returned by the right heart veins and only a small fraction 
entering the coronary sinus by way of the right marginal or small 
cardiac vein. The left heart wall empties itself largely into the coronary 
sinus through its numerous veins. A small part of the venous blood 
probably enters the left ventricular cavity directly, while none likely 
returns from the left auricular wall to the left auricle directly but is 
discharged into the sinus and its veins. The average heart in this way 
drains over 60 per cent of its venous blood into the coronary sinus, so 
that the left ventricular wall must discharge considerably over this per- 
centage of its blood by way of the coronary sinus. The discharge of blood 
is made during systole by the intramural pressure which, rising in this 
phase over the aortic pressure to shut off the coronary artery inflow, 
squeezes blood from the heart wall either into the heart cavities or into 
the coronary veins 13 " 15 ’ 17 " 10 ' 28 " 31 (Figs. 1-5). 



Fig*. 5.^Composite diagram of various pressure curves relevant to nourishment of 
heart by thebesian backflow or coronary sinus backflow. A, Possible favorable point 
for thebesian backflow ; B, possible favorable time for coronary sinus backflow. 

In considering whether it is true that the thebesian vessels, as an acces- 
sory function, might nourish the heart wall in coronary occlusion by 
currying Mood into the wall from the heart cavities, the following 
physiologic data must he kept in mind. In ventricular systole there is a 
high intramural pressure which squeezes some of the blood from the 
heart wall through the valvelike slit openings of the thebesian vessels on 
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the endocardial surface of the heart wall. Throughout diastole not only 
does the coronary artery inflow distend the heart wall and tend to close 
the thebesian openings, but the intraventricular pressures are low. For 
a short period in auricular systole there is a diminution in coronary 
inflow and intraventricular pressures are rising, but there is already an 
increasing intramural pressure 28 ' 31 (Figs. 1-5). 

The nourishment of the heart by a coronary sinus backflow is perhaps 
favorable, on theoretical grounds, for two very brief periods: (1) dur- 
ing early auricular systole, just before coronary sinus outflow commences 
to increase and ventricular systole suddenly raises the coronary sinus 
and the intramural pressure; (2) during early diastole, when the auricu- 
loventricular ring is moving upward, the intra-auricular pressure is 
being further increased by the inflow of blood during the time the 
auriculoventricular valves are closed, and intramural pressure and 
coronary sinus output are decreasing 28 ' 31 (Figs. 1-5). 

The experimental physiology bearing on the question of whether hearts 
suffering from occlusion of the coronary arteries can be nourished by 
the forcing of blood from the heart cavities into the heart wall is con- 
veniently included here. Stella’s experiments show that blood does not 
flow into the coronary arterial system from the heart cavities in the 
normal heart during acute experiments. 32 Robertson has shown in sur- 
vival experiments on dogs that, after first dilating the thebesian vessels 
by ligation of the coronary sinus and then gradually occluding the coro- 
nary arteries completely, the heart is not nourished by a thebesian back- 
flow but by the adhesions developed in the course of the experiment 48 
(Fig. 4). However, various authors have shown that bacteria, and par- 
ticles deposited in the heart cavities, find their way into the heart wall 
and the coronary venous system in some manner without first entering 
the main coronary arteries. 20 ’ 21 Others have nourished hearts experi- 
mentally by coronary sinus or by intraventricular perfusion, and reports 
are found of human hearts maintaining their function though their 
coronary arteries were apparently occluded entirely or to a serious 
degree 13_15 > 18 > 1S > 33 - 33 


Experimental . — The effects of coronary vein or sinus ligature are men- 
tioned by several authors. Colmheim found that single coronary veins 
could be tied without damage to the heart, but that most hearts, though 
not all, became cyanotic if the coronary sinus was obstructed, the left 
heart being most affected. In one-half hour there was great bulging 
of the veins, dilatation of the arteries, evidence of exudation of blood 
into the heart wall; the heart rate slowed and sometimes cardiac death 


ensued. 30 Several have since perfused the coronary sinus, keeping the 
heart alive hv this means. 13 - 11 Others have blocked the sinus or tied 
its veins, sometimes with marked congestion of the heart wall and exuda- 
tion of blood into the myocardium and fatal results as noted by Cohn- 
heim, sometimes with only a transient slowing or a heart block and 
dilatation of the coronary vessels. 20 - 30 - 30 - 31 An electrocardiographic 
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study showed a constant increase in the height of the T-wave. 37 ' 30 Cohn- 
heim and others found that ligation of the veins accompanying an ob- 
structed coronary artery made no difference in the result of arterial 
occlusion. 30 ’ 3 ‘ Added to these data are the cases quoted above, where 
the coronary sinus was obstructed or involved in an arteriovenous aneu- 
rysm, without functional change being present in life or evidence of myo- 
cardial damage being found at autopsy. 25 ' 27 

Several of the above references point to the fact that a vasodilatory 
substance is apparently liberated in the heart when cyanosis occurs, 
especially in coronary sinus obstruction followed by venous engorge- 
ment. 36 ’ 37 This substance slows the heart. It is doubtless of the group 
spoken of as the “cardiac hormone” and belongs in the class of nucleic 
acid derivatives which are known to be vasodilatory, and some of which 
are capable of producing heart block. 1-6 ’ °’ 30 Though recently the physio- 
logic properties of adenylic acid and allied substances have been tested 
clinically by several for their cardioinhibitory effects with unpromising 
results, one report states that such preparations benefit patients suffer- 
ing from intermittent claudication, though not by vasodilatation in the 
affected parts apparently. 7 ' 9 

The question is brought up of the wisdom of closure of the venous 
drainage of an area when that area’s arterial supply is shut off. Recent 
literature indicates that the result of such a maneuver is to be based on 
whether or not numerous and often opposing factors will balance, so that 
oxidation throughout the affected portion will be enhanced. 13 ’ 40 The 
problem is a complex physiologic one, rendering clinical decision hazard- 
ous, even precise physiologic determination of the result being impeded 
by the difficulties in collecting significant data. The main factors are 
the rate and volume of blood flow to, in, and from a part, the rate of 
0 2 utilization and the coefficient of utilization, the individual vasodila- 
tory reaction in response to various chemical or nervous stimuli, the 
ability of vessels carrying blood to or from the part to change their 
caliber, and the fact that tissues vary within unknown limits in their 
anaerobic abilities from time to time and in various environments. It 
appears in general that, even if venous congestion following venous 
ligation enhances oxygen utilization and causes vasodilatation, or by 
other means tends to preserve a part lacking in arterial supply, at least 
a certain amount of tissue death, especially muscular necrosis, occurs. 33 ’ 40 

METHOD 

The experiments were acute and survival in type. In the acute experi- 
ments 6 dogs, 6 cats, 1 rabbit, and 1 monkey were used. The pressure 
developed in the coronary sinus when it was obstructed was measured ; 
the pressure curve was studied, noting whether there was change in color 
of the heart, whether vessels dilated, or if a change in rhythm occurred. 
Rrnht heart pressure was taken and general systemic effects were noted 
in "pulse and blood nressure. Electrocardiograms were taken during 
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various stages to see what conduction, changes took place. Pathologic 
studies were done in gross and by microscopic examination. 

In the survival experiments 4 dogs were used. The clinical effects 
of coronary sinus ligation were studied and electrocardiographs were 
taken before and after at suitable intervals. The hearts were removed 
at three days, seven days, four months, and six months for gross and 
microscopic studies. 

From another series of dogs in which coronary sinus ligature was 
carried out, data will be utilized occasionally, especially pathologic 
data from the heart of an animal sacrificed twenty-four hours after 
sinus ligature. 

Ligation or clamping of the sinus was best done by nicking the epi- 
cardium alongside the coronary sinus and by blunt dissection freeing 
the sinus from its bed. During this maneuver numerous small vessels 
were encountered which might be ruptured unless care was taken. How- 
ever, any bleeding could be controlled by pressure unless the sinus itself 
was torn badly. The sinus was usually tied or clamped within 1 cm. 
of its entrance into the right auricle. If the middle cardiac vein, in the 
posterior or inferior longitudinal sulcus, entered the sinus proximal to 
the sinus blockage, it was separately ligated to occlude completely all 
venous drainage from the left heart wall ; and in some such hearts this 
final step brought about left heart congestion not previously present. 
Sinus pressure was studied by inserting a short-tipped cannula through 
the right auricular appendage and passing it across the auricle into the 
mouth of the sinus. Its shoulders efficiently plugged the sinus opening 
while the short point just entered the sinus itself. The animals’ thoraces 
were opened through the fourth left or right costal interspace. The 
anesthesia was ether, delivered by a mechanically interrupted positive 
pressure machine. In survival experiments aseptic technique was used, 
the chests being closed in layers without drainage. 

The electrocardiograms were taken throughout the acute experiments 
and, while the hearts were exposed in survival experiments, by the 
usual three leads and by a fourth direct lead. Additional preoperative 
and postoperative curves were taken in survival experiments with the 
animal standing, lying on its back, and lying on one side. 

OBSERVATIONS 

Acute Experiments . — Observations in these are conveniently grouped 
as noted by inspection and pressure curves, by electrocardiograms and 
pathologic changes. 

Changes in appearance on ligation or other obstruction of the coronary 
sinus varied between both species and individuals. In 10 dogs used in 
this study, 9 showed marked bluing of the left ventricular wall with 
dilatation of veins and then dilatation of the coronary arteries and varia 
tions in rhythm, while only 3 out of the later series of 12 dogs showed 
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study showed a constant increase in the height of the T-wave. 37 ' 30 Cohn- 
heiin and others found that ligation of the veins accompanying an ob- 
structed coronary artery made no difference in the result of arterial 
occlusion. 3G> 37 Added to these data are the cases quoted above, where 
the coronary sinus was obstructed or involved in an arteriovenous aneu- 
rysm, without functional change being present in life or evidence of myo- 
cardial damage being found at autopsy. 25 ' 27 

Several of the above references point to the fact that a vasodilatory 
substance is apparently liberated in the heart when cyanosis occurs, 
especially in coronary sinus obstruction followed by venous engorge- 
ment. 36 ’ 37 This substance slows the heart. It is doubtless of the group 
spoken of as the “cardiac hormone” and belongs in the class of nucleic 
acid derivatives which are known to be vasodilatory, and some of which 
are capable of producing heart block. 1 ' 6 ’ °’ 10 Though recently the physio- 
logic properties of adenylic acid and allied substances have been tested 
clinically by several for their eardioinhibitory effects with unpromising 
results, one report states that such preparations benefit patients suffer- 
ing from intermittent claudication, though not by vasodilatation in the 
affected parts apparently. 7-9 

The question is brought up of the wisdom of closure of the venous 
drainage of an area when that area ’s arterial supply is shut off. Recent 
literature indicates that the result of such a maneuver is to be based on 
whether or not numerous and often opposing factoi’s will balance, so that 
oxidation throughout the affected portion will be enhanced. 11 ’ 40 The 
problem is a complex physiologic one, rendei’ing clinical decision hazard- 
ous, even precise physiologic determination of the result being impeded 
by the difficulties in collecting significant data. The main factors are 
the rate and volume of blood flow to, in, and from a part, the rate of 
0.. utilization and the coefficient of utilization, the individual vasodila- 
tory reaction in response to various chemical or nervous stimuli, the 
ability of vessels carrying blood to or from the part to change their 
caliber, and the fact that tissues vary within unknown limits in their 
anaerobic abilities from time to time and in various environments. It 
appears in general that, even if venous congestion following venous 
ligation enhances oxygen utilization and causes vasodilatation, or by 
other means tends to preserve a part lacking in arterial supply, at least 
a certain amount of tissue death, especially muscular necrosis, occurs . 11 ’ 40 

METHOD 

The experiments were acute and survival in type. In the acute experi- 
ments 6 dogs, 6 cats, 1 rabbit, and 1 monkey were used. The pressure 
developed in the coronary sinus when it was obstructed was measured; 
the pressure curve was studied, noting whether there was change in color 
of the heart, whether vessels dilated, or if a change in rhythm occurred. 
Right heart pressure was taken and general systemic effects were noted 
in pulse and blood pressure. Electrocardiograms were taken during 
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congestion, and vascular dilatation developed petechial-like spots along - 
the course of the larger vessels. These spots were more common toward 
the base of the heart. They were also very common over areas of 
vascular anastomoses, such as the conus arteriosus or the apical region, 
where so many new vessels had appeared. As noted below, these spots, 
upon microscopic study, .were found to be made up of tremendously 
dilated capillary vessels, extravasation of blood from ruptured vessels 
being found present only occasionally (Fig. 6). 

While these vascular changes were taking place, clear fluid formed 
beneath the epicardium alongside the larger vessels and became max- 
imal in amount in about two minutes. It then gradually appeared 
about other and smaller vessels, seeming to spread along vessels, and 
away from vessels, along their branches, lifting the epicardium en route 
(Fig. 7). 



. r F\ B ‘ 7 rr Photomicrograph illustrating acute changes in left heart wall of clog when 
left heart had become congested following coronary sinus closure. There is marked 
exudation of serous and sometimes hemorrhagic fluid about the vessels and under the 
epicardium. 


The changes in rhythm noted set in with the vascular responses. The 
heart slowed rapidly and at the same time lost contractility and dilated, 
the effect being vagal-like. Extrasystoles were common. In no animal 
did fibrillation occur nor did death occur from cardiac failure. 

It was interesting to note in several animals that after a ten- to 
thirty-minute period of cyanosis and congestion these and other signs 
of coronary sinus blockage disappeared, the fluid about the large ves- 
sels diminished, and the normal rate and contractility of the heart 
returned. Correspondingly the coronary sinus pressure which was be 
ing recorded and which was very high began to fall and eventually, 
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such changes or any change whatever. Five out of (i rats showed moder- 
ate bluing and vascular dilatation when the sinus was tied. One cat, 1 
rabbit, and 1 monkey showed no bluing of the heart or any other change 
in response to sinus ligation, or even wholesale venous ligature. Most of 
the hearts which turned blue over the left ventricle showed increasing 
vascular congestion and dilatation of veins, with cyanosis of the left 
heart during the first minute, by which time these effects had readied 
a maximum. The sinus was then markedly distended; t lie color of the 
left ventricle was purple; the right heart approximating the septum 
was blue; the auricles wore unchanged. Ridging veins were especially 



Fitf. 6.-— Diagram illustrating the network of small anastomosing arteries and veins 
which develop over the con vis arteriosus (2?) and about the apex of the heart (A) 
after coronary sinus ligation has produced congestion of the left heart wall. 

marked about the apex where the posterior veins of the left ventricle, 
branches of the great cardiac vein, and branches of some of the right 
heart veins anastomose. Venous dilatation over the conus arteriosus 
also was marked. In these areas especially the arteries were much 
dilated and many fine vessels appeared in and beneath the epicardium. 
These could not always be identified as arteriolar, but many were much 
smaller than those arteries ordinarily seen over the heart’s surface. 
They were seen also over the ascending aorta and the pulmonary artery 
where the main vasa vasorum stood out prominently. The main coro- 
nary arteries were much dilated. Hearts showing marked cyanosis, 
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graph, coronary sinus pressure in dog hearts, which had become cya- 
notic on coronary sinus closure, rose slowly to a point approximating 
that exerted in the heart wall (about 120- mm. Hg). This pressure 
was undoubtedly dependent on the pressure developed during systole 
by tension on the intramural veins and on the blood in veins between 
the heart walls and the epieardium. In diastole pressure fell off toward 
zero but where marked cyanosis was present pressure rarely fell below 
40 mm. Hg before the next s}'Stolic rise (Fig. 8). Where there was no 
congestive response to sinus obstruction, the pressure rose but to a less 
extent, a high point of 60 to 80 mm. Ilg being reached. Carotid or 
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.. J'?; 9-— Tracing illustrating typical fall in carotid blood pressure curve after liga- 
tion of the coronary sinus m a dog whose left heart became cvanosed and congested- 
and then gradual recovery m blood pressure. ’ 


femoral pressure curves, when the heart was congested, occasionally 
showed a slight fall of from 10 to 20 mm. Hg, which tended to rise 
slowly if the sinus obstruction was continued and rose promptly if 
sinus flow was resumed (Pigs. 8 and 9). Right heart and pulmonary 
artery pressure did not change. Cats and the one rabbit used -are 
similar pressure curves. e 

In all animals, when the sinus obstruction was removed with a return 

of normal appearance and function, there was a return to normal of 
the various pressure curves (Fig. 8). n 31 01 
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wlion flic heart appeared normal, approximated the level of curve 
shown by animals whose hearts were not a fleeted at all bv blockage of 
the sinus. 

Unclampiug or unblocking the sinus in a heart showing the usual 
responses led to immediate restoration of normal appearance and action 
except where cyanosis and congestion had been prolonged. Then, al- 
though normal function was resumed, small petechial spots or bruised 
areas might remain with more or less elevation of the perivascular 
epicardium by the clear fluid which, as noted above, had accumulated 
about the vessels during the sinus occlusion. 



O Tracin'- to illustrate typical carotid artery and coronary sinus pressure 

Monies during occlusion of the coronary sinus of a dog's heart, the left heart of which 
became cyanotic and congested. A, Carotid pressure ; B, coronary sinus pressure. 


Section of the nerves to the heart wa£ found to have no effect on the 
phenomenon. Though the vasodilatation seen might have been merely 
the result of cardiac anoxemia and increased coronary venous pressure, 
the marked slowing of the heart was against such an assumption. 

The pressure curves corresponded excellently with the naked-eye 
appearances of increased venous pressure. As in the accompanying 
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Survival Experiments . — Observations are here noted under clinical, 
pathologic, and electrocardiographic changes. Data were obtained from 
four dogs of this study and pathologic data were used from another 
study for a description of the changes found twenty-four hours after 
coronary sinus closure. The four of this series showed the typical reac- 
tion with bluing of the left heart and vascular dilatation, as noted above. 
Two were markedly affected, it being feared that the animals would not 
survive. However, in these, when the pericardium was closed, contrac- 
tion became stronger and several hours afterward, when the animal had 
recovered from ether, the pulse was strong and regular. The animals 
could stand without trouble a few hours after operation. Though not 
playful for several days, they could climb stairs without dyspnea on 
the first day. The other two dogs, whose hearts had turned blue but 
had not dilated so much, seemed no worse for the operation. They soon 
played quite normally and showed no change in exercise tolerance. 

The pathologic changes were noted by sacrifice of the four animals 
of this series at three days, seven days, four months, and six months. 

Upon opening the chests of other dogs twenty-four hours after liga- 
tion of the coronary sinus had produced the typical acute changes of 
congestion, bradycardia, etc., a characteristic bruised appearance was 
seen over the left ventricle, conforming to the area of congestion and 
cyanosis. No dilatation of the main veins was seen though in areas 
of anastomoses, as over the conus arteriosus and about the apex of 
the heart, numerous and prominent vessels, both arterial and venous, 
were seen (Fig. 6). An elevation of the epicardium along the main 
vessels was still present, produced by an accumulation of opaque 
material, while spreading from the main vessels were grayish opacities 
just beneath the epicardium. The opaque material was apparently 
organized serous fluid. Petechial-like spots were still usually present 
but were decreased in number. Microscopic examination of sections 


stained by hematoxylin and eosin demonstrated changes in the bruised 
areas varying from early edema and cloudy swelling with granulation 


of muscle fibers to typical necrosis of muscle following congestion and 
hemorrhagic infarction described by Middleton. 12 The necrosis usually 
existed only in the outer one-sixth of the left heart and was rarely found 
in the right heart. Some portions of the left heart were more severely 
damaged, necrotic patches being present, as deeply as the midportion of 
the wall. Beneath the epicardium of the left ventricle and scattered 
throughout the outer one-half of the wall were greatly distended venous 
channels and smaller vessels of capillary size. Some of these had rup- 
tured, cxtrnvasating their contents nearby and rupturing surroundin'* 
muscle tissues or tearing epicardium away from the myocardium Sec 
lions of the inner part of the left wall showed areas of vascular dilatation 
corresponding to the superficial areas of congestion. Veins arterioles 
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The electrocardiographic changes, n.s a rule, were irrelevant and 
1 elated to manipulation usually, ju several, however, a .splintering of 
the QliS complex occurred immediately closure of the sinus was accom- 
plished. It. disappeared within a few minutes of reopening the sinus 
or, in hearts which balanced their venous drainage while the sinus was 
still closed, presumably by dilatation of the thebesian vessel, the 
splintering diminished and disappeared as the color of the heart im- 
proved (Pig. 30). 

Gross pathologic examination of specimens added nothing further to 
the above changes except that on cross section marked congestion of 
the left ventricular wall was seen. Sometimes the right ventricular 
wall near the septum was also congested. Jn the outer one-third of the 
left wall extravasation of blood was frequently apparent. Microscopic 
studies confirmed the dilatation of vessels as noted above. Vessels, 
especially veins, throughout the left ventricular wall were always 
larger than usual if congestion had been well marked. The epicardium 




Pip. 10. — Electrocardiographic tracing to show typical splintering of QRS complex 
after occlusion of coronary sinus of dog's heart had produced congestion and cyanosis 
of the left heart 

about the larger vessels was raised, the spaces being filed with pinkish 
fluid as stained by hematoxylin-eosin after paraffin section. The fluid 
occasionally contained blood cells or tissue debris. Though no lining 
cells were definitely identified, it was felt that these perivascular spaces 
were dilated lymph channels. Their distribution certainly corresponded 
to that of the cardiac lymphatics as outlined by Kampmeier. 41 Within 
the heart wall these spaces were not seen. The petechial-like spots noted 
above on section usually showed dilated capillaries, hut sometimes these 
had ruptured and there was extravasation of blood. This occurred 
chiefly just at or under the epicardium but was common in the outer one- 
third of the heart wall and rare in the inner one-third. Occasionally the 
myocardium was ruptured, especially at the epicardial surface, the epi- 
cardium then being torn from the muscle fibers by extravasation of blood 

. i n i., n 1 n n< -flt-i-iH rn vtmnch nnuhnn/H AT 


or 


_ by exudation of the clear pink staining fluid in the neighborhood of 
the larger coronary vessels (Figs. 7 and 11). 
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epicardial patches diffusely distributed around the smaller superficial 
vessels were found to consist of collections of pink staining material 
more or less dotted by blood cells and remnants of muscle or connective 
tissue cells. There was no limiting membrane found around these col- 
lections nor were they definitely associated with the larger spaces about 
the main coronary vessels (Figs. 11 and 12). 

The heart of a dog sacrificed on the third postoperative day showed 
pimilar bruising of the left heart. There was no evident dilatation of 
the large arteries or veins. In the anastomotic areas about the apex 
and across the conus arteriosus, enlarged medium and small vessels 
were conspicuous (Fig. 6). The main vessels were still more or less 
surrounded by a grayish subepicardial material and scattered patches 
of an apparently similar nature lay along or around smaller vessels. 
No peteehiae were seen. Microscopic examination revealed necrosis 
in the outer one-sixth of the left ventricular wall much more marked 
than in the twenty-four-hour specimens. Some portions of the 
left heart were more severely damaged than others, necrosis extending 
to the midpart of the wall with rupture of vessels and extravasation 
of blood both superficially and deeply. In the inner half of the left 
ventricle, in areas corresponding to these outer necrotic parts, marked 
dilatation of veins was present, while arterioles and capillary vessels 
were also dilated. The right ventricle showed only occasional and 
small areas of connective tissue reaction, chiefly in the outer one-sixth, 
with myocardial fibrillation and vacuolization. 'Where the epieardium 
had been raised from the myocardium or away from the larger vessels, 
with extravasation of blood or the occupation of these areas by the 
homogeneous material described above, connective tissue proliferation 
was now seen with well-advanced organization. Such connective tissue 
organization was also well started in those areas deeper in the wall where 
extravasation of blood with rupture of muscle had taken place as well as 
about areas of necrosis (Fig. 12). 

The heart of a dog sacrificed after seven days showed no bruising of 
the left heart. Only a slightly prominent collection of grayish material 
was present about the larger left coronary vessels. No bulging of the 
sinus or the larger veins or the arteries was seen. There was definite 
enlargement of the veins about the apex of the heart which carried on 
an anastomosis between the veins of the left heart and the posterior veins 
of the right heart emptying into the right auricle. The veins of the left 
ventricle also anastomosed with the right heart veins by enlarged ves- 
sels over the conus arteriosus. Many new and prominent vessels of 
vcnular or arteriolar size were present in these parts. Various sections 
from the left ventricle demonstrated very slight swelling of muscle 
cells with occasional nuclear changes and separation of cells in the 
outer one-third of the wall. There were very rare patches of necrosis 
or other evidence of hemorrhagic infarction. There was very little of 





10 

mostly to bo widely dilated capillaries lmt sometimes extravasation of 
Mood was also present in these areas. The grayish elevated markings 
alongside the larger super/ieial blood vessels were found to contain 



Fig. 13. — Photomicrograph of section of loft heart %vall twenty-four hours after 
ligation of coronary sinus had produced congestion of left heart in dog. Some areas 
of necrosis are seen In center of section. 




™ to illustrate necrosis in dog’s left heart wall after coronary 

Fig. 12 '^^} 1 ° s to ^ s tructfon had caused cyanosis and congestion of left heart 

nink staining homogeneous material in which white cells and connec- 
tive tissue cells were scattered. No definite endothelial or mesothehal 
vail could be made out for these spaces as a rule. The grayish sub- 
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epicardial patches diffusely distributed around the smaller superficial 
vessels were found to consist of collections of pink staining material 
more or less dotted by blood cells and remnants of muscle or connective 
tissue cells. There was no limiting membrane found around these col- 
lections nor were they definitely associated with the larger spaces about 
the main coronary vessels (Figs. 11 and 12). 

The heart of a dog sacrificed on the third postoperative day showed 
similar bruising of the left heart. There was no evident dilatation of 
the large arteries or veins. In the anastomotic areas about the apex 
and across the conus arteriosus, enlarged medium and small vessels 
were conspicuous (Fig. 6). The main vessels were still more or less 
surrounded by a grayish subepicardial material and scattered patches 
of an apparently similar nature lay along or around smaller vessels. 
No petechiae were seen. Microscopic examination revealed necrosis 
in the outer one-sixtli of the left ventricular wall much more marked 
than in the twenty-four-hour specimens. Some portions of the 
left heart were more severely damaged than others, necrosis extending 
to the midpart of the wall with rupture of vessels and extravasation 
of blood both superficially and deeply. In the inner half of the left 
ventricle, in areas corresponding to these outer necrotic parts, marked 
dilatation of veins was present, while arterioles and capillary vessels 
were also dilated. The right ventricle showed only occasional and 
small areas of connective tissue reaction, chiefly in the outer one-sixth, 
with myocardial fibrillation and vacuolization. Where the epicardium 
had been raised from the myocardium or away from the larger vessels, 
with extravasation of blood or the occupation of these areas by the 
homogeneous material described above, connective tissue proliferation 
was now seen with well-advanced organization. Such connective tissue 
organization was also well started in those areas deeper in the wall where 
extravasation of blood with rupture of muscle had taken place as well as 
about areas of necrosis (Fig. 12). 


The heart of a dog sacrificed after seven days showed no bruising of 
the left heart. Only a slightly prominent collection of grayish material 
was present about the larger left coronary vessels. No bulging of the 
sinus or the larger veins or the arteries was seen. There was definite 
enlargement of the veins about the apex of the heart which carried on 


an anastomosis between the veins of the left heart and the posterior veins 
of the right heart emptying into the right auricle. The veins of the left 
ventricle also anastomosed with the right heart veins by enlarged ves- 
sels over the eonus arteriosus. Many new and prominent vessels of 
venular or arteriolar size were present in these parts. Various sections 
from the left ventricle demonstrated very slight swelling of muscle 
rolls with occasional unclear changes and separation of cells in the 
ouler one-t bird of the wall. There were very rare patches of necrosis 
or other evidence of hemorrhagic infarction. There was very little of 
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Iho ])ink staining perivascular material noted above. What was found 
was well organized. The right heart, muscle was intact. 

A heart, examined four months after the sinus was tied presented 
no enlargement of the main vessels. There were gray streakings and 
patches alongside the large vessels of the right heart. A whorl of veins 
and arteries not normally present was found at the apex, and the veins 
and arteries across the conus arteriosus were unusually large and 
numerous. Sections from the left heart showed subepicardial scarring 
about the larger vessels, corresponding to the gray streakings seen in 
the gross. Around larger vessels in the outer one-half of the wall 
scarring of myocardium was seen. The right heart was normal on 
section. 

Six months after sinus ligation a heart presented no enlarged vessels 
even at the apex or over the conus arteriosus. Subepicardial scarring 
was present around the larger vessels and scarred areas were seen as- 
sociated with larger vessels in the outer one-half of the wall. 

Both the four-month and the six-month postoperative specimens had 
an increased number of vessels of a venous nature in the inner part of 
the left ventricular wall (Fig. 4). 

The characteristic change in the electrocardiograms was a splinter- 
ing of the QRS complex (Fig. 10). This change paralleled the onset 
of left heart cyanosis, dilatation of the coronary vessels, and the 
bradycardia. This splintering in acute experiments always disap- 
peared if the sinus were unclamped and it always disappeared in sur- 
vival experiments after several days when, as noted above, dilatation 
of the coronary sinus and the phase of acute left heart congestion was 
ended. Extrasystoles and flutter were noted, but only while the heart 
was exposed. The T-wave was so variable that no statement could be 
made regarding its changes. 

DISCUSSION 

It appears that ligation of one or several of the coronary veins of the 
human heart is unlikely to produce significant trauma to the heart or 
interference with function. Ligation of the coronary sinus in animals 
is occasionally followed by a marked vasodilatation of the coronary 
vessels, slowing of the heart, and later hemorrhagic infarction and 
muscular necrosis of the left ventricular wall. This reaction might 
occur in human hearts and would be dangerous, though perhaps not 
fatal. Just as in animal studies, human hearts would doubtless differ 
in their reaction to venous obstruction, some likely showing no change 
whatever. Hemorrhage from cardiac veins can therefore be checked 
fairly safely either by pressure and ligation or by ligation alone. 

Whether or not ligation of the cardiac veins in man would result in 
pain cannot be definitely stated. Presuming that, as regards pain, the 
effects of coronary vein or sinus occlusion could be compared to the 
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effects of coronary artery ligature, it is unlikely that pain would be 
produced. Several cases are reported in which large coronary arteries, 
and usually the veins also, were tied off during suture of a stab wound 
of the heart, and in which no pain resembling that of coronary throm- 
bosis or angina pectoris was evident at any time. No general anes- 
thetic was used in these cases, mere local infiltration of the precordium 
being done. That some infarction had occurred was proved by electro- 
cardiography. 42 ’ 43 Cases suffering from coronary thrombosis, with 
comparable areas of myocardial infarction following' on similar amounts 
of coronary artery occlusion, present a wide variation in the pain re- 
sponse. Pain in the experimental animal is hard to assess. Severe pain 
evidently results from acute coronaiy artery occlusion in the conscious 
animal . 44 ' 47 However, dogs that have had large coronary arteries ligated 
under ether anesthesia sometimes ayipear perfectly free of pain immedi- 
ately on recovery from anesthesia, while others, though perhaps uncom- 
fortable, suffer no acute pain. The same variation in reaction is seen 
in dogs that have had the coronary sinus closed and have exhibited simi- 
lar amounts of left heart cyanosis and congestion, some appearing abso- 
lutely free from pain, others appearing somewhat miserable but not 
being actually in pain. Finally, if it were true that the pain of occlu- 
sive lesions of the coronary arteries depended solely on relative oxygen 
deficiency in functioning myocardium and that the same held true for 
occlusion of the coronary veins and the coronary sinus, it would be un- 
usual for pain to be produced by the later lesion. Hearts of different 
species vary widely in the amount of congestion, cyanosis, and infarc- 
tion that follows on ligation of even the coronary sinus ; many show no 
change whatever, and, as pointed out above, even those that do exhibit 
congestion and cyanosis after sinus occlusion give no evidence of pain. 

The vasodilatory reaction seen in some animals following coronary 
sinus occlusion resembles the reaction following the application to the 
heart of vasodilatants, such as adenosine or adenylic acid . 1 ' 6 The reac- 
tion following coronary sinus ligature occurred after all the nerves to 
the heart had been severed. It is possible, of course, that the vaso- 
dilatation was due merely to a combination of cardiac anoxemia and 
increased pressure in the coronary vascular system, but the slowing of 
the heart beat was against such an explanation. In such reactions not 
only do the coronary vessels dilate, but the heart is slowed and perhaps 
the likelihood of fibrillation is lessened . 1 " 1 It would be obviously im- 
practical and dangerous to tie the coronary sinus to produce sucli a re- 
action when the nutrition of the heart became deficient through coronary 
artery occlusion. It would seem expedient, however, to test the effects 
of vasodilatory substances, such as adenylic acid or adenosine, when ap- 
plied directly to ischemic heart muscle. Intravenous use of adenylic acid 
and related substances appeals to be relatively ineffective in animals and 
in man, possibly because of its rapid loss of potency once free in the 
blood stream. 5 ' As adenylic acid rapidly loses its potency when free 
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ill tlic body, it would need to be applied constantly to the heart, but in 
such quantity that coronary artery vasodilatation would be maintained, 
without a general vasodilatation occurring, with a fall in blood pres- 
sure and a consequent slowing effect on the coronary inflow. Such a 
procedure might minimize the effects of coronary occlusion. In several 
animal experiments this result, has been demonstrated. It must be 
remembered, however, that, when coronary thrombosis occurs, acces- 
sory vessels may be too sclerosed to dilate adequately. Moreover, 
nearly all eases of coronary thrombosis show a marked fall in blood 
pressure and in some eases aortic blood pressure might be so reduced 
that coronary vasodilatation might slow coronary blood flow enough 
to further thrombosis. There is also the question of whether adenosine 
might behave like some nucleic acid derivatives and produce an increased 
local leueocylosis detrimental to both the heart and pericardium. In a 
recent report insulin-free pancreatic extract, a skeletal muscle extract, 
adenosine phosphoric acid, and adenosine, administered intramuscu- 
larly, have been found to inhibit intermittent claudication to a degree. 
The drugs thus administered were quite harmless. The beneficial effect 
was thought to be due not to vasodilatation, but to the addition of some 
substance to ischemic contracting muscle without which pain occurred.® 
The pathologic data noted above confirm the opinion that closure 
of an area ’s venous outflow, when its arterial inflow is shut off, is not 
without danger . 11 - 40 In the heart when venous outflow interruption 
did produce a vasodilatory reaction, more or less muscular necrosis en- 
sued for the reaction appears to be brought about only when venous 
congestion occurs. This result occurred not only if the venous outflow 
alone was tied, but when one of the main coronary vessels also was tied. 
It is true that the results of such experiments on the heart cannot be too 
closely applied to the results of similar procedures on a limb. The heart 
at each contraction elevates the cardiac intravenous pressure markedly. 
This may force blood out of the heart wall via the thebesian vessels and 
avoid too extreme and dangerous engorgement. This may be done so 


efficiently that no venous blood is actually retained and no congestion of 
the heart wall and subsequent vasodilatation results. On the other hand, 
such pressure elevations are sometimes sufficient to rupture vessels and 
cause local areas of myocardial necrosis. Besides this functional differ- 


ence between the heart and other parts, the coronary circulation is prone 
to overlap and thus provide numerous anastomoses in such a way that 
ligature of one coronary artery does not leave a preparation very closely 
resembling a limb with its main artery tied. It seems reasonable to 
ose that when, by tying the venous outflow of a limb, the chances 
of sangrene are diminished, this result is accomplished because venous 
1 1 d cannot find easy exitus, congestion ensues and vasodilatation, with 
also more or loss tissue death, especially mnscuiar necrosis 

„ „ vident function o£ the thebesian system of vessols, which fnne 
- nclndes the ne t. W ork of small vessels connected with arteries and 
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described by Vieussens, is to carry blood into the heart cavities or into 
the epicardial venous network during cardiac contraction and thus to 
empty the heart wall. It would seem improbable that in either normal 
or abnormal hearts this function should be reversed so that in ventricular 
systole blood would flow into the heart wall along the thebesian vessels, 
or the vessels of Vieussens, against a high intramural pressure and 
against the outflow of venous blood. In hearts exhibiting coronary 
artery occlusion during diastole and early auricular systole, such a 
possibility might be entertained in spite of low intraventricular pressure, 
because the coronary artery inflow, which ordinarily occurs during this 
period and tends to bulge the heart wall and close the slitlike endocardial 
openings of the thebesian network, would be diminished. The most fa- 
vorable time would appear to be early in auricular systole as. intraven- 
tricular pressure is rising and coronary inflow is falling off, but at the 
same time intramural pressure is also rising and venous blood is about to 
be forced from the heart wall (Fig. 5). It was found that by coronary 
sinus ligation it was possible to enlarge the thebesian-like vessels of the 
heart wall (Fig. 4). Recently a series of hearts so prepared was sub- 
jected to coronary artery ligations. They did not appear to gain ade- 
quate nutrition via the dilated thebesian-like vessels, for, when vascular 
adhesions that had formed during the experiments between the heart 
wall and various structures of the thoracic cavity were separated, the 
hearts failed through lack of blood supply. 48 

It seems that, as Stella contended after experiments on perfused 
hearts, a thebesian vessel backflow into the heart wall is improbable. 
In criticism of Stella’s work it has been said that his experiments were 
a too brief test of the backflow theory and that longer experiments were 
in order. 18 ’ 19 - 32 It appears, however, that even in the intact healthy 
animal and even after the thebesian network of the heart has been 
dilated over a long period, no backflow takes place when the coronary 
arteries are gradually closed. 48 

A flow of blood from the right auricle into the coronary sinus and thus 
to the heart wall seems improbable and in any event unlikely ade- 
quately to nourish the heart. Such a flow seems possible during two 
very short periods. Very early in auricular systole blood might be 
forced into the coronary sinus if the sinus outflow had not already 
become augmented too greatly. Early in diastole a coronary sinus 
backflow might occur as the intra-auricular pressure rises, intramural 
pressure falls, and sinus outflow is decreased. Later in diastole very 
little pressure exists within the right auricle and, unless coronary occlu- 
sion were marked, coronary inflow, by filling the heart wall, would leave 
little space for any venous backflow into the mvocardium (Fi~ 5) 

evidence of a suction of blood along the sinus into the heart" wall was 
seen m these experiments. ' as 


Congestion and cyanosis of the left ventricular wall 
sion of the coronary sinus, give a constant splintering’ 


following occlu- 
of the QRS coin- 
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plcx, W or M in Jjishion (Fig. 10). Similar electrocardiographic find- 
ings have been reported in studies on man. The phenomenon is rarely 
found in the normal, hut it is apparently closely associated with occlu- 
sive lesions of the coronary arteries or with myocardial disease. 40 ' 51 It 
would seem that lack of normal blood supply and congestion of the 
heart muscle from other causes than occlusion of the coronary arteries 
might give electrocardiographic findings similar to those of coronary 
artery occlusion. It might be that in experimental studies of coronary 
artery closure care should be taken not to include the vein with the 
artery, though thus far several report that this circumstance has given 
rise to no change from the usual picture of coronary artery closure. 37 ' 39 
In autopsies on patients dying of coronary disease examination of the 
venous system of the heart should not be neglected, especial]}' where 
splintering of the QRS complex has been present. The splintering of 
the QRS complex commenced with left, heart congestion, vasodilatation, 
and cardiac slowing and remained present in acute experiments until 
the sinus was unblocked and congestion disappeared. In the survival 
experiments, where marked congestion of the left heart occurred with 
splintering of the QRS complex, the splintering disappeared in about 
twenty-four hours or at about the time congestion would be disappearing 
as judged by pathologic studies. It seems that congestion, cyanosis, and 
anoxemia of the heart wall account for the splintering effect. The 
typical changes of coronary occlusion have previously been attributed 
by various workers to myocardial ischemia and oxygen lack alone. 30 ’ 52 
However, it is also during the stage of rapidly progressing cellular 
trauma and death that the splintering of the QRS complex is seen. 
After twenty-four to forty-eight hours the acute degenerative changes 
have mostly taken place in the heart wall and resolution with fibrosis 
has commenced. 

SUMMARY 

1. Variations in cardiac function and morphology, produced by coro- 
nary sinus occlusion, or by occlusion of the veins of the heart, depend on 
the varying number and efficiency of the venous and thebesian anas- 
tomoses which drain the heart wall. Thus, with insufficient or inefficient 
venous and thebesian anastomoses large enough degrees of venous occlu- 
sion may produce congestion of the heart wall, slowing of the heart, 
dilatation of the veins and the arteries of the heart, and myocardial 
necrosis. 

The coronary sinus of dogs, cats, and monkeys in many instances can 
be completely "and suddenly occluded, where it enters the right auricle, 
without producing any significant change in cardiac function or mor- 
1 olo"Y Sometimes, however, in dogs especially, left heart congestion 
P 1 • with slowing of the heart, dilatation of both the arteries and the 

occurs, ^ moder ° te to seV ere degree of myocardial necrosis. Such a 

reaction does not usually endanger cardiac function gravely. In a large 
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series of dogs no death occurred from the effects of coronary sinus 
ligation, but the myocardial changes produced would not prove bene- 
ficial to a heart already suffering from other pathology. 

Individual cardiac veins in the dog, eat, and monkey can usually he 
tied without change or with very slight change in cardiac morphology. 
Ligation of the larger veins or of groups of veins sometimes leads to a 
small amount of myocardial necrosis, but produces no marked change in 
cardiac function or morphology. 

2. Thebesian vessels can be dilated by tying the coronary sinus. In 
most hearts they dilate so readily that, when the coronary sinus is closed, 
the venous blood of the left ventricle is rapidly forced into the left ven- 
tricular cavity and no congestion ensues. 

3. When venous congestion of the left heart wall occurs, following 
coronary sinus closure, it gives rise to a vasodilatation of the coronary 
vessels and to slowing of the heart. This reaction resembles that seen 
after intravenous or intraeardiac administration of adenosine or simi- 
lar substances and suggests the local application of such substances to 
the heart in cases of coronary thrombosis. 

4. This study supports the contention that tying the main vein, from 
a part already deprived of its main arterial supply, is likely to cause 
muscular necrosis, sometimes of serious enough degree to offset any pos- 
sible advantages of the procedure. Such a procedure, if it causes sig- 
nificant vascular congestion with increased oxygen utilization and 
vascular dilatation, apparently may induce muscular necrosis in the 
affected part. 

5. A consideration of the coronary sinus outflow and pressure curves, 
in relation to the cardiac cycle and cardiac pressure curves, prejudices 
one against either a thebesian vessel backflow or a coronary sinus back- 
flow as a source of nutrition to hearts deprived of their ordinary blood 
supply- 

6. The occlusion of coronary veins makes no change in electrocardio- 
graphic curves. Occlusion of the coronary sinus, if no congestion and 
cyanosis of the left heart wall ensues, makes no change in the electro- 
cardiographic curves. If congestion and cyanosis ensue, then splinter- 
ing, M or W m form, of the QRS complex is seen. It may be that lack 
of oxygen in ventricular muscle accounts for this phenomenon as it 
disappears in acute experiments the moment congestion is relieved bv 
unclamping the sinus; and in survival experiments it disappears in 
twenty-four to forty-eight hours when left heart congestion lias dis 

appeared. 
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PHYSIOLOGIC ADJUSTMENT IN SUBLETHAL REDUCTION OP 
LUNG CAPACITY IN DOGS* 

P. J. Phillips, M.D., W. E. Adams, M.D., and L. S. Hrdina, 

Chicago, III. 

(From the Department of Surgery, University of Chicago) 


I N KEEPING pace with the recent advances in the development of 
chest surgery, further vital considerations arise regarding the coin- 
cidental lung changes and the compensatory respiratory physiology in 
intrathoracic operations. The absolute lung capacity requirement for 
normal respiratory function is doubtless individually variable. It may 
be governed by the volume of functioning lung and by the efficiency of 
lung tissue available. That a wide margin of safety in normal lung 
capacity exists in both man and animals is no longer questionable. 
Prom studies in metabolism it is well recognized that body surface area 
is a definite entity in determining the respiratory requirement in the 
human organism. In the dog a different relationship exists because of 
the lack of sweat glands in the skin. In this animal it is necessary for 
the lungs to assume the added functions of heat regulation and main- 
tenance of water balance. Therefore, an absolute minimal functionate 
lung in the dog would, from a physiologic consideration, be relatively 
something in excess of sublethal in the human organism. Because of 
its acceptable size and economic accessibility the dog has been most 
frequently used in experimental studies of respiratory function in col- 
lapse therapy and other problems in thoracic surgery. 

Thoracoplasty as such has been utilized very little in dogs. Curi- 
ously enough the mortality rate in dogs following thoracoplasty has 
been discouraging. However, lobectomy and pneumonectomy are now 
not fraught with grave danger. Collapse of a lobe or of several lobes 


of the lung by any method other than thoracoplasty has been very suc- 
cessfully performed in many laboratories. Gluck, in 1881, removed the 
entire lung on one side from six dogs and eight rabbits. 1 Two of the 
rabbits lived. His failure was due mainly to technical errors. Fried- 
rich, in 1908, applying the technical principle of ligating the pulmo- 
nary vessels separately, succeeded in performing pneumonectomies with- 


out a discouraging fatality. 2 More recently, improvements in surgical 
technique have made it possible to perform the operation without mis- 
hap in from 80 to .90 per cent of the attempts. 

Amputation of a lobe of the lung for tumor and for bronchiectasis in 
man was done as early as 1907 by Gluck, 3 and later was greatly bu- 
ffi' 0 ^ hy Sauerbrueh. 4 Total pneumonectomy was performed in doms 
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bv Roland us in 3492.'’ This operation has been performed successfully 
on 1 lie human organism only within the last decade. 0 Experimental 
studies on diminished lung volume were begun in this clinic almost 
with the opening of the research laboratories in 3927. Progress in this 
work was enhanced by the development of a safe and reliable method 
of closing large bronchi. 1 Occlusion of the bronchus and eventual mas- 
sive collapse in any lobe of the lung was accomplished li 3 r simply paint- 
ing the entire circumference of the lumen of the bronchus with a 35 
per cent aqueous solution of silver nitrate. 8 This development, coupled 
with improvements in surgical technique of lobectomy and pneumonec- 
tomy, paved the way for further studies on lung function. Drastich, 
Adams, Hastings, and Compere in 1934, found that dogs with only 50 per 
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Pig. 1, — Diagrammatic illustration of the applicator containing a 35 Per cent 
solution of silver nitrate which is being applied to the bronchial mucosa. The entire 
circumference of the bronchus must be cauterized, and the arrows indicate the two 
directions of movement during the application of the cauterizing agent. 


cent of their pulmonary tissue functioning have no apparent difficulty in 
delivering an adequate supply of oxygen to the tissues.® They also ob- 
served that partial lung collapse leads to greater acid-base changes on 
exercise than does partial pneumonectomy. This variation was attrib- 
uted to the fact that during rigorous exercise a significant fraction of 
the blood continues to flow through the remaining collapsed lung tissue. 
Andrus as early as 1923, demonstrated that there was as much as 40 
ner cent increase in blood flow through the opposite lung within a few 
hmirs after pneumonectomy. 10 In later studies he observed that the 
respiratory volume, the pulse rate, the circulation through the aerated 
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Fig. 2 A '. — Dog G17. a. X-ray of chest of dog following complete atelectasis of 
the right lung by bronchial stenosis. Note marked shift of the mediastinal contents 
to the right and elevation of right diaphragm. 1>, X-ray of same dog following com- 
plete atelectasis of left lower lung lobe by bronchial stenosis. Note the spontaneous 
pneumothorax (right), with a shift of mediastinal contents back to the midline. 
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T'jv fi!' L Photograph at autopsy twelve days following atelectasis 

I'*-) overdistended left upi>er lung lobe. (J 3 ) heart, 
n f,V; ht , * l J55 n . shifted toward the riglit side. 2, Dog C>17 with left 
hmg, lobe lifted. The atelectatic left lower lobe D is now visible. The pneumo- 
thorax had been partially reabsorbed. No fluid was present in piefiral cavity. 



2S 


SURUEKY 


lung, the hemoglobin, and red blood cell count were all apparently in- 
creased wifliin twenty-four hours alter ligation of the left main bron- 
chus. 11 Ileuer and Andrus observed a temporary j'ise in alveolar car- 
bon dioxide and a fall in alveolar oxygen following pneumonectomy. 12 
Associated with these alveolar air changes was a temporary rise iu car- 
bon dioxide content and capacity of the blood and a marked fall in 
oxygen content. There was also a marked decrease in the percentage 



Fig. 3 A. — Dog 749. Photograph of chest at autopsy two days following complete 
atelectasis of right lower and right middle lung lobes. The heart has been removed. 
Note (A) overdistended right upper lung lobe, and ( B ) completely atelectatic right 
lower, middle, and accessory lung lobes. The left lung had been extirpated. (See 
Table II.) 

of oxygen saturation. The increase in hemoglobin persisted. After ap- 
proximately one month all of these changes except the increased hemo- 
globin and oxygen-carrying capacity returned to normal. Adams and 
eo-workers, in ‘studies on vascular changes in pulmonary atelectasis, 
demonstrated a decreased volume flow of blood with a coincidental pas- 
sive congestion of the atelectatic lung. 

Various methods have been used in attempts to produce changes char- 
acteristic of hypertrophic osteoarthropathy.” None of these procedures 
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lias been successful. No physiologic explanation for their failure could 
be formulated. The present experimental studies are being carried out 
over a long period of time purposely in an effort to observe the eventual 
anatomic and physiologic status of animals with diminished lung tissue. 

Investigators cited in earlier paragraphs have described the immedi- 
ate changes that transpire during diminution of lung volume. We have 
attempted to assimilate in dogs physiologic conditions existing in the 
human organism after collapse therapy and after amputation of various 
integral units of the lungs. The technical procedure of producing di- 
minished lung volume was carried out in stages. From one month to 
six weeks was usually allowed to elapse between operations on the lobes 



FIr SB.— -Dor 74!>. o Low-power microscopic section of lower half of overclis- 
teuded right upper lung lobe ami atelectatic right middle Iupr lobe. 

0, High-power photomicrograph of peripheral portion of riKht upper lung lobe. 
Note marked compensatory emphysema. 


or stenoses of the bronchi. Laboratory observations were made on the 
dogs previous to any attempt at diminution of lung volume. Since dogs 
apparently withstand pneumonectomy well, the first procedure was to 
remove surgically the entire left lung, utilizing Friedrich’s principle of 
separate ligation of the pulmonary vessels. Blood analyses and bron- 
ehoscopic and x-ray examinations were made at indicated intervals. 
1 lie lung volume was then further decreased by stenosing individual 
bronchial orifices of the remaining lung. This was accomplished by the 
technique mentioned above. The dogs were observed at daily intervals 
for evidence of air hunger. There were three animals alive and active 
nineteen months after the institution of the experiment. These dogs 
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arc being kept under ordinary conditions in the animal house. Occa- 
sional observations are made on their blood to note the effect of this 
prolonged diminished lung capacity. These observations will be re- 
ported at a future date. 



4A —T > og 74S X-ray of chest following iodized oil filling Pt * 5 J? nC onlv ^he 
fFeh JP1938 ) S (See Table* I for date of collapse of various lung lobes.) Only 
right ' upper and middle lobe bronchi are open. Note pneumothorax on left. 

PROTOCOL OF DOG 748 

The 1mm capacity was reduced subtotally by bronchial stenosis and atelectasis 
of over two years’ duration. The right upper lobe remains inflated; tie d g 

we ll and active. ^ # he:lIth , appe aring male mongrel weighing 0.0 kg. 

f Av was carried out under morphine anesthesia. The left upper and lower 
Bronchoscopy w , vith B 35 per cent solution of silver nitrate. 

lobe bronchi 1 _ere £ The left pri mary bronchus was almost completely 

0 d 'it was recauterized with AgNO, The right lower lobe bronchus was cau- 
terized with a 35 per cent solution of sdve b ondlus waa occluded. The right 

, *** - ■— - - ■** 
r«i; 'S "*• bro " e "‘' 
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Jan. 15, 1938. Bronchoscopy : The right lower and accessory lobe bronchi were 
occluded, ’x-ray examination of the chest showed the heart and atelectatic left lung 
in the left half of the lung field. No pneumothorax was present. 

Feb. 8, 1938: Intrapleural pressure readings were: 

expiration INSPIRATION 

Left 11 cm. H : 0 14 cm. H : 0 

Eight 9 cm. H.O 11 cm. H s O 



Fig. IE.— X-ray of chest of Dog- 74$ on Jnn. SI. 1040, following iodized oil filling 
of the bronchial tree. Only the right upper lobe bronchus is open, nil others having 
been closed by silver nitrate cauterization. No pneumothorax remains at this time. 

Bronchography .(Fig. 4A) : All bronchi except the right upper and 
middle were occluded. A pneumothorax on the left side was produced 
by needle puncture of the right lung. 

April 10, IMS. Fluoroscopy and x-ray: The pneumothorax on the left side was 
completely reabsorbed. The dog was active and healthy. Bronchoscopy showed no 
change since January 15. 

Dec. G, IMS. Blood analysis: Hemoglobin, 00 per cent; hematocrit, GO per cent; 
red blood count, 5.000,000 ; (ICE, 30.15 per cent ; 0„ 17.4 p Cr cent. 
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Dec. 17, 193S. Bronchoscopy: The right middle lobe bronchus was cauterized 
with a 35 per cent solution of silver nitrate. 

.Tan. 21, 1939. The dog was active and apparently normal when at rest. Exercise 
produced dyspnea. Bronchoscopy showed that the right middle lobe bronchus was 
occluded. 

Jan. 23, 19.>9. Blood analysis: Hemoglobin, 105.0 per cent; hematocrit, 55.0 per 
cent; red blood count, 5,100,000; CO., 29.2 per cent; O., 25.0 per cent. 

Jan. 20, 1939: X-ray examination showed no pneumothorax. 

April 29, 1939. Fluoroscopy: There was no change since January 20. The dog 
was active and healthy and became dvspncic only on exertion. 

Aug. 12, 1 9.»9. Bronchoscopy: Only the right upper lobe bronchus remained un- 
oceluded. This bronchial lumen had increased in size. 

Jan. 9, 1940. Bronchography (Fig. 42>) : The dog was healthy and active over 
two years following the first collapse of lung tissue. 

PROTOCOL OP DOG 24 

The lung capacity was reduced subtotally by resection of lung lobes and by bron- 
chial stenosis. The right upper lobe remained inflated. 

Oct. 10, 193S: The dog was a healthy appearing male mongrel weighing 12.0 kg. 
Results of a blood analysis were: Hemoglobin, 95.0 per cent; hematocrit, 57.0 per 
cent; red blood count, 5,900,000; CO-, 27.3 per cent; 0 ; , 13.3 per cent. 

Oct. 15, 193S. Blood analysis: Hemoglobin, 97.0 per cent; hematocrit, 55.0 per 
cent; red blood count, 5,000,000; C0 2 , 23.7 per cent; 0 ; , 25.1 per cent. 

Nov. 17, 193S: The left lung was resected. 

Dec. S, 193S. Blood analysis: Hemoglobin, 104 per cent; hematocrit, 64 per 
cent; red blood count, S, 500, 000; CO., 27.9 per cent; O.,, 19.1 per cent. 

Bronchoscopy: The right lower lobe bronchus was cauterized with a 35 per cent 
solution of silver nitrate. 

Dec. 13, 193S: X-ray of the chest revealed a small pneumothorax- persisting in 
the left eostoplireuic angle. 

Dec. 29, 1938. Blood analysis: Hemoglobin, 115 per cent; hematocrit, 54.0 per 
cent; red blood count, 6,000,000; C0 2 , 29.4 per cent; O., 20.8 per cent. 

Jan. 27, 1939. Bronchoscopy: The right lower lobe bronchus was completely 
occluded (probably since Dec. 30, 193S). Cautery was applied to the right middle 
lobe bronchus. 

Feb. 23, 1939. Blood analysis: Hemoglobin, 90.0 per cent; hematocrit, 4S.0 per 
cent; red blood count, 7,500,000; CO : , 34.9 per cent; O.., 23.7 per cent. 

Feb. 25, 1939. Bronchoscopy: The right accessory lobe bronchus was occluded. 
Only the right upper lobe bronchus remained open and it had increased in size. 

July 29, 1939: Bronchoscopy showed no change since March IS. 

Oct. 11, 1939: X-ray of the chest revealed a cardiac shadow adjacent to the left 
chest wall. No pneumothorax was visible. 

Jan 16, 1940 : The dog is active and healthy and becomes dyspneic only on exer- 
tion. 

DISCUSSION 

The dog’s ability to tolerate marked reduction of lung capacity ap- 
pears to be governed largely by the rate at which the diminution is 
1 rried out When the procedure was hastened the animals either died 
Smn acute air hunger or from spontaneous pneumothorax. This be- 
mme uarticularlv obvious after the initial reduction of 43 per cent had 
been accomplished by left pneumonectomy. Further reduction needed 
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to be made with caution. Experience has shown a four- to six-week 
interval to he about the minimum time necessary before further reduc- 
tion of lung capacity can be tolerated. Further, a reduction at this 
time of as much as 50 per cent of the remaining lung function was 
found to be an unsafe procedure (see Dog 617, Table I, and Dog 749, 
Table II). This principle may be applied clinically in the treatment 
of bronchiectasis where bilateral operations are necessary to eradicate 
the disease process. It also demonstrates that high positive piessuie 
anesthesia with face mask or intratracheal catheter is unnecessary in 
intratlioracic operations since a high reserve of respiratory function is 
available. 15 



Fig. C. — Dog- 70.1. a. X-ray of chest following left pneumonectomy and right lower 
and accessory bllobectomy (see Table II). Note opacity in upper half of lung fields. 
Bronchoscoplc examination revealed frank pus exuding from the right upper lung 
lobe bronchus. The right middle lobe bronchus was clear. 

i>. X-ray of chest of same dog following resolution of pneumonic process in the 
right upper lung lobe. Note disappearance of the opacity seen in the previous x-ray. 

The immediate increase in hemoglobin and red blood cell count as 
observed by Andrus aud others was substantiated by our experiments. 
This apparently represents the organism’s effort to compensate for the 
lessened lung capacity. The eventual effect on the organism has not 
brat studied thus far. It is impossible to predict accurately the pos- 
sible sequelae that may occur to organs as a result of working under 
persistent oxygen want. The effect on t he circulatory aud nervous sys- 
tems, metabolic organs, and kidneys that would follow such persistent 
anoxia might lead to irreparable retrogressive changes. All dogs ap- 
parently compensate early for lung capacity reduction, since the altered 
blond findings return to an average normal range within a few weeks. 
The oxygen and carbon dioxide content of the blood changes little! 


34 


SUItGERY 




PHILLIPS ET AL, 


REDUCTION OF LUNG CAPACITY IN DOGS 35 



7'I0 Pneumonectomy Collapsed Collapsed Collapsed Inflated 85.0 Died 11/6/39; spontaneous 

11/11/38 11/1/39 1/1/39 11/4/39 pneumothorax 

716 Pneumonectomy Collapsed Inflated Collapsed Inflated 76.7 Died 4/13/39; pyothorax 

9/1/38 13/17/3S 3/18/38 
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This in itself would seem to indicate that the cellular increase in the 
blood is a compensatory measure to enhance the faculty of blood gas 
exchange in a lung of reduced functional capacity. 

A marked shift, in the mediastinal contents occurs as the lobes of the 
lung become completely collapsed. Additional and new stresses are 
put on the supporting structures of the heart and mediastinum. With- 
out adequate time for adjustment to the new relationships, embarrass- 
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m cut to circulation and to cardiac action is likely to transpire. The 
tolerance of the heart to changes of position varies somewhat with the 
direction of the shift. Rienhoff and others have found that in man 
the heart and great vessels tolerate a shift to the left better than in 
the opposite direction . 16 However, total ablation of the right lung may 
also result in little or no disturbance of cardiorespiratory function. A 
rapid change in elevation of the diaphragm may lead to dysfunction 
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of the abdominal organs. 17 The loss of manipulatory function of the 
lung lobes on the thoracic veins and the ensuing continuously increased 
negative intrathoracic pressure may have an undetermined effect upon 
the return flow of blood to the heart 

When, on massive collapse of the lung lobes, the diaphragm becomes 
elevated to the maximum degree, either the remaining lobes must over- 
distend or pneumothorax must follow. Actual experience demonstrates 
, that both frequently occur. The pneumothorax is gradually reabsorbed 
over a period of a few weeks as the uncollapsed lobes overinflate to fill 
the space previously occupied by the collapsed lobes. Even in dogs 
where a marked pneumothorax had persisted for several weeks follow- 
ing lung collapse or resection, little pleural fluid developed and no ap- 
preciable pleural thickening was grossly demonstrable. This is most 
probably due to the ability of the remaining inflated lung tissue to 
obliterate ultimately all of the pleural space. The intrapleural nega- 
tive pressure following atelectasis of an entire lung was found to be 
altered on each side of the chest, but more so on the side of collapse 
(see protocol of Dog 748). The usual alteration was as follows: on 
the side of atelectasis, -11 to -14 cm. H 2 0; on the uncollapsed side, -9 
to -11 cm. II 2 0 ; thus, an increased negative pressure of approximately 
3 cm. H 2 0, or 50 per cent, on the uncollapsed side, and from 5 to 6 
cm. H 2 0, or 85 per cent, on the side of atelectasis. This explains why 
the air is seen on the side of collapse when a spontaneous pneumothorax 
results from the collapse of one entire lung. 18 

Microscopic sections of the resultant overdistended pulmonary tissue 
reveal widespread compensatory emphysema. Although the sublethal 
reduction in lung capacity may be accomplished over a period of sev- 
eral weeks or months, marked stretching and fragmentation of the al- 
veolar walls occur (Fig. 3 B). This undoubtedly causes a decrease in 
respiratory efficiency of the lung tissue. As a result of the normal 
elasticity of lung tissue, a gradual, rather than a rapid, distention is 
probably more easily tolerated and with less permanent damage to the 
lung parenchyma. A severe injury to the lung parenchyma would 
necessarily result in poorer gas exchange. The eventual condition 
mio-ht well be compared to the lungs of a patient with marked silicosis. 

As a result of this increased load on the circulatory system, acute right 
heart damage or failure is likely to develop. 

The clinical significance of the above findings may be seen in the 
bilateral extirpation of lung tissue in the treatment of bronchiectasis. 
Partial obliteration of the residual pleural space following lobectomy 
may be obtained by paralyzing the diaphragm. In this way overdis- 

. 0 £ ijjg rem aining pulmonary tissue is reduced to a minimum. 

Whether the paralysis should be temporary or permanent and whether , 
it should be unilateral or bilateral may be governed by the degree of 
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involvement, vital capacity, and other factors in each individual case. 
The importance of this factor will vary indirectly with the amount of 
atelectasis and shrinkage of the involved lung lobes prior to operation. 
Experimental work in this regard will appear in a. later publication. 

CONCLUSIONS 

1. Healthy dogs may remain well and active after reduction of vol- 
ume of normal lung to 15 per cent, thus demonstrating a high degree 
of respiratory reserve. 

2. Reduction of lung capacity is accompanied by a compensatory ad- 
justment of the organs of cardiorespiratory function. 

3. Marked compensatory emphysema, with stretching and fragmenta- 
tion of the alveolar walls, occurs and persists in the remaining overdis- 
tended pulmonary tissue. 
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CLOSURE AND SUBSEQUENT CARE OF OBSTETRIC AND 
GYNECOLOGIC ABDOMINAL WOUND DISRUPTIONS 

II. Close IIesseltine, M.D., and George P. Boiilender, M.D., 
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the Chicago Lying-in Hospital) 

YVTTLLIAMSON- 0 estimates 2,500,000 laparotomies are performed 

W annually in the United States. Since evisceration through the 
postoperative abdominal wound occurs in approximately 0.6 per cent 
(based upon a combined series of reports' 1 ' Si ®> n > 54 • 20 ’ 22 ), there would 
be approximately 15,000 such complications yearly. The average mor- 
tality is 33 per cent in association with rupture of abdominal wounds, 
and thus there would be an estimated 5,000 deaths. The actual num- 
ber of deaths directly attributable to the wound separations alone has 
not been ascertained, but, if one may assume that it ranges from one- 
fifth to one-half of the group, then 1,000 to 2,500 people die because of 
the evisceration. The morbidity and complications in the survivors 
add further to the gravity of this tragic condition. 

The limited amount of literature gives direct and indirect causes of 
evisceration and offers some means of prevention, but notwithstanding 
these commendable publications the problem is incompletely solved. 
Moreover, there is a paucity of information, on the care subsequent to 
eventration. Its infrequency allows only those connected with a large 
surgical service an opportunity for proper study. 

This report deals with the closure and subsequent care of eviscera- 
tion in obstetric and gynecologic patients, but, since the same thera- 
peutic factors probably prevail in all laparotomy wound disruptions, 
these methods would seem generally applicable. 

A REVIEW OF LITERATURE 

Jenkins, 11 at the University of Chicago, in an extensive study on all 
abdominal eviscerations and on suture material reports 36 cases of evis- 
ceration and reviews 1,258 others. Singleton and Blocker 20 have since 
added 61; Fallis, 6 49; Glenn and Mom-e, 5 22; Whipple and Elliott, 23 6; 
Kraissl, Kesten, and Cimiotti, 53 30; Itross, 14 44; Hinton, 0 19; Baer, Reis, 
and DeCosta. 2 7; and von Graff, 22 9. Thus, to date 1,505 cases of de- 
hiscence of abdominal incisions have been reported with an average 
mortality of approximately 33 per cent. 

Jenkins 11 observed an immediate mortality of IS per cent in a pooled 
o- of 227 obstetric and gynecologic patients. Baer, Reis, and De- 
” 101 ( ' P , p er cent in 7 cases. Horner 50 had no immediate deaths 

in 3 cases, but 1 patient succumbed at the time of herniotomy two years 

Solved for publication, March II. 1940. 
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later. Even with the 65.5 per cent death rate in Singleton and 
Blocker’s 20 patients, the pooled data support the contention that the 
lower abdominal gynecologic and obstetric incisions are associated with 
a lower mortality in the event of disruption. 

Various explanations for evisceration include sudden and undue 
strain upon the incompletely healed wound, infection in the wound, 
inadequate hemostasis, abdominal distention, incorrect approximation 
of tissues, abnormal wound healing, constitutional disorders, and pos- 
sibly sensitization to suture material. 

In 1925 Shipley 19 recommended for the secondary closure a through- 
and-through silver wire suture with a pack below the wire to protect 
the viscera and a pack above to keep the edges apart.. After a few 
days, when the wound edges are healthy, both packs are removed ; the 
sutures are then further tightened and a small gauze pack is placed 
again in the superficial portion of the wound for about ten days more. 
The shin edges are closed after this pack is removed. Thus, some 
fifteen to twenty days elapse after the evisceration before the wound is 
completely closed. 

Eliason and McLaughlin 5 recommend packing of the wound and fixa- 
tion by adhesive tape. The exception to this routine is made only for 
those in very good condition. Pool 18 uses a Mikulicz tampon when 
suturing is not feasible. Starr and Nason 21 concur with Pool in the 
employment of aspiration of the bowel if it cannot be otherwise re- 
placed, while Ilorner 10 once sutured a rubber dam to the shin edge to 
protect the protruding viscera. 

On the contrary, Beilin, 3 Milbert, 17 Starr and Nason, 21 Bevan, 4 Koster 
and Kasman, 12 White, 24 Meleney and Howes, 16 and Maes, Boyce, and 
McFetridge 15 agree ordinarily upon immediate secondary closure and 
generally subscribe to the use of mass througli-and-through sutures of 
nonabsorbable material. The trend is definitely away from the use of 
absorbable sutures for the approximation of the peritoneum. Practi- 
cally all agree upon wound packing and adhesive bandage for the pa- 
tient in extremis, completing the closure when the patient’s condition 
improves sufficiently. 

DATA 

On the obstetric and gynecologic services at the University of Chicago 
dimes thci'e have been 3,179 (Table I) abdominal operations up to 
•Tune 30, 1939. The service started in October. 1929, at the Albert 
Merritt Billings Hospital, and in May, 1931, at the new Chicago Lying- 
in Hospital. Seven disruptions of the abdominal wound occurred in the 
1,370 laparotomies in obstetric patients which gave an incidence of 0.51 
(O.olO) per cent. In the gynecologic group of 1.809 it occurred S times 
an incidence of 0.41 (0.442) per cent. The total of 3.179 operations and 
15 eviseerations makes the rate 0.47 (0.4GS) per cent. This is somewhat 
luuher than several report, yet it comes well within the average of ram-c 
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of the current literature. These patients have been for the most part 
staff cases (teaching service) and evisceration lias occurred on the serv- 
ices of all attending men. The primary closures in all 15 eases of evis- 
ceration were made with catgut suture for peritoneum and fascia. Eight 
had three silkworm gut tension sutures and 1 had two such sutures. The 
skin edges were closed in 5 with skin clips, in 7 with silk, and in 3 with 
catgut. Three patients had wound separation with tension sutures in 
situ. In retrospect it would seem that the small number of supporting 
nonabsorbable sutures were inadequate. 

Table I 


Type of Obstetric and Gynecologic Abdominal Operations and Incidence 

of Evisceration's* 




NO. OF 



OPERATIONS 

| EVISCERATION'S 


NO. 

PER CENT 

Obstetric 

Cesarean section 


5 


Hysterotomy and hysterectomy 


1 


(therapeutic abortion) 

Removal of ruptured uterus 


0 


Salpingectomy (ectopic) 


0 


Postpartum abdominal sterilizations 




Total 

| 1370 

7 

0.51 

Gynecologic 1 

Adnexal operations 

445 

4 

t 

Hysterectomy 

Complete 

333 

2 

f 

Incomplete 

821 

2 


Myomectomy 

46 

0 


Exploratory laparotomy 


0 


Combined laparotomy and plastic 

62 | 

0 


Total 

■HI 

8 

0.442 

Grand Total 

3179 1 

15 

0.468 

•Mortality: immediate and delayed, 13.33% 

; immediate, 

6.66%. 



fDied on third day (1 patient). 

JDeath alter elective herniotomy five months later (1 patient). 


The type of primary operations are listed in Table I. Hysterotomy 
and hysterectomy for therapeutic termination of pregnancy before the 
period of viability is listed separately from hysterotomy after viability 
(cesarean section), although there is probably little occasion for such 
differentiation. The removal of ruptured uteri (post partum) is given 
special attention because all of these patients had been delivered by 
the vaginal route and because several had been delivered outside the 
hospital by other agencies. “Post-partum abdominal sterilization” 
means that group of patients in which the abdomen was opened in six 
to thirty hours after vaginal delivery for the ligation of the tubes, a 
procedure recently reported by Adair and Brown . 1 The one disruption 
y thig subgroup took place in an atelectatic patient who had been 
placed on ‘“blow bottles.” No deaths followed evisceration in the ob- 
stetric series. 
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Adnexal operations include those procedures in which the o\ aiies, 
tubes, and/or ligaments were treated. The heading of hysterectomy 
includes all uteri removed with or without the adnexa. Exploratory 
lapatoromies include those not under other headings, as freeing intes- 
tinal obstruction, biopsy of pelvic structure, and closure without re- 
moval of viscera, etc. The combined laparotomy and plastic operations 
refer to those in which both abdominal and vaginal operations were 
performed concurrently. 

The first of the 2 deaths in the gynecologic series occurred from a gen- 
eralized peritonitis four days after the secondary closure of the wound. 
At the primary operation two large ovarian cysts were removed. This 
patient took a poor anesthesia apparently because of previous injury to 
the laryngeal nerve during a thyroidectomy and a tracheotomy was per- 
formed after the operation to maintain an airway. 

Another patient who had recovered from the evisceration returned 
five months later for an elective repair of the resultant hernia but suc- 
cumbed eighty-three days later from agranulocytosis and infection. This 
patient had originally had a total hysterectomy and removal of the ad- 
nexa for uterine carcinoma. Between the first and second operations she 
had a complete series of deep x-ray treatments. 

Thus, 2 deaths followed evisceration, one directly and the other in- 
directly. Whether the second death should be charged entirely to the 
evisceration may be debated. The immediate and remote mortality rate 
for these 15 disruptions is 13.3 per cent. The immediate death rate 
alone becomes 6.6 per cent. These rates are far below the general aver- 
age of 33 per cent with ranges from 0 per cent (Starr and Nason) in 
15 cases to 63 per cent (Glasser) in S cases. 

All eviscerations are listed in Table II. At the primary operation 
the first 3 obstetric patients had local and gas anesthesia; the next 3 
had local only, while the last (seventh) one had spinal. On the other 
hand, all of the gynecologic group were given combined ethylene and 
ether anesthesia. The various contributory factors for evisceration were 
distention, coughing, vomiting, or other undue stress upon the incom- 
pletely healed wound. Six cases had been operated previously. The 
wide age range, various clinical conditions, and different primary opera- 
tions exclude single factors as outstandingly important in contributing 
to evisceration. However, a suprapubic midlinc incision was used in all 
these cases. 

The first, second, and third obstetric patients and the third, fourth, 
and sixth gynecologic patients had had previous operations. 

Eight of the 15 patients had serosanguincous discharge before dis- 
ruption, while 7 were without premonitory signs. The dehiscences 
were recognized promptly and all patients were treated by immediate 
surgical closure of the wound. Six of the 15 were recloscd by catgut 
suture layer by layer throughout and in 1 of these wire tension sutures 
were used. These, with 2 exceptions, were the earlier cases. Two pa- 
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tients liad closure of the peritoneum with absorbable material, while 
the remaining portion of the broken-down area was reapproximated by 
silkworm gut sutures. The remaining 7 were treated by mass through- 
and-through “looped” or partial figure-of-8 suture of silkworm gut. One 
patient in each of these three types of secondary closures developed a 
postoperative hernia. 

PROCEDURE 

It is universally agreed that early recognition of this complication is 
imperative. Even with a well-organized intern and resident staff the 
significance of a sudden discharge of serous or sanguineous fluid from 
the wound may lie overlooked. On the other hand many put so much 
stress upon the importance of this sign that perhaps a word of caution 
is apropos. Admittedly, careful scrutiny is an excellent policy, hut one 
should not invade the wound unless additional evidence warrants it. 

The bowel or omentum is recognized easily in the opened incision, but 
identification of bowel wall or omental edge through a slight aperture 
in the skin is more difficult. In the incomplete evisceration superficial 
tympany within the wound ordinarily indicates the presence of bowel. 
There may be localization of distress in the wound in connection with 
symptoms of intestinal obstruction. Some wounds break down relatively 
asymptomatically and the condition is not discovered until the dressings 
are removed. Often the patient is aware of a sudden “giving away” 
or loss of support of the abdominal wall. 

When the condition is discovered, the dressings are reapplied without 
changing and held in place by the adhesive corselette. The patient is 
told that the edge of the W’ound has separated slightly and that now' is 
the best time to reapproximate it. Great pains are taken to avoid excite- 
ment. The patient is given morphine and scopolamine and is taken in 
her bed to the operating room when everything is in readiness. The 
operator again reassures the patient and suggests that perhaps a few' 
“whiffs” or “breaths” of gas will make it easier for her. When the 
surgical team is scrubbed, gowned, and ready, the anesthetist begins the 
anesthesia. The proponents of local anesthesia advocate it to safeguard 
further visceral extrusion; still some would hesitate to use infiltration in 
1 he presence of infection. The advantages of gas are that it shortens the 
time of the closure, enhances relaxation, and permits any necessary 
manipulation. One patient in this sci'ies whose condition was particu- 
larly serious relaxed very well with ‘ ‘ twilight sleep ’ ’ alone. 

After the patient is well anesthetized, an unscrubbed member of the 
team removes the adhesive eorsclcUc. The skin is prepared with tincture 
of iodine and alcohol applications: particular care is exercised to keep 
these solutions from contacting the bowel and omentum. If there is no 
accentuation of the evisceration, the external sutures may be removed 
before preparation of the skin: otherwise their removal follows the 
preparation and draping. Moist warm laparotomy pads may he used 
to prevent further protrusion. The viscera arc freed from the wound 
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edges only and replaced with the least possible manipulation and 
exploration. Further intra-abdominal exploration should be avoided 
as it favors the spread of infections. 

In this series the mass “looped” or partial figure-of-8 suture of silk- 
worm gut was employed seven times (Figs. 1 and 2). The only two 
deaths occurred in those closed secondarily with absorbable suture. 
Yet from the nature of the eases it is obvious that neither the method 
nor suture material was a responsible factor in the fatalities. 



Fig 1 . 1. — Cross section of “loop and a half" mass sutures. 


This stitch is a modified figure-of-8, lacking the top of the superficial 
loop. Without a better designation it is termed a “loop and a half” 
or a “through-and-through looped” suture. To facilitate understanding 
of this procedure, it is described as follows. Two strands of silkworm 
gut are tied over a button. The two free ends are then threaded on a 
large cutting needle. The suture is started 6 to 7.5 cm. (2 y 2 to 3 
inches) from the wound edge and brought out just external to the 
fascia. It is then carried across the wound to the opposite side, down 
through the fascia and muscle, and out through the peritoneum near 
the edge of the wound. (In executing this part the sutures should 
pierce the healthy fascia some distance lateral to the wound edge.) 
The needle is then carried back to the original side and carried up 
through the peritoneum, muscle, and fascia, and thence across the 
wound and out through fat and skin, ending 6 to 7.5 cm. from the 
wound on the opposite side. These free ends are then threaded through 
a button and held 'until all the sutures are placed. A large number of 
sutures mav be necessary for they should be placed not more than 1.5 
to 2.5 cm. (% to 1 inch) apart. 
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If the wound is uninfected and one fears skin contamination, one 
may place the deep loop first. Under these circumstances the stitch is 
started in«the fascia making the deep loop, coming out through the 
fascia on the opposite side, and ending by coming out through the skin 
on the original side of the wound. The other two ends of the suture 
are then threaded on the needle and brought out through the skin on 
the opposite side. These free ends are threaded through the button 
and held. 



Fig. 2. — Drawing of method of secondary wound closure by “loop and a half" mass 

sutures. 

After all the sutures are placed, stead}- traction on their free ends 
closes the wound completely. The greatest care is exercised in closing 
the woimd to keep it free from viscera or omentum and to obtain 
proper apposition of the layers. 

This suture method fulfills the requirements of the generally ac- 
cepted principles of treatment. Furthermore, one effects a more ac- 
curate and correct apposition of the peritoneum, muscle, and fascia 
respectively than with the usual mass through-and-through suture. 
Indicated superficial drainage may be easily instituted without dis- 
turbing the approximation of the deeper layers. 

By proper fixation with the through-and-through “looped” suture 
the skin edges need only to be brought together. This may be done 
with silk or skin clips. The usual dry dressings are applied and held 
firmly in place. 

Strict peritonitis therapy is continued for the next three days even 
in the absence of infection and, if at that time the patient’s condition 
justifies, this management is gradually discontinued. As soon as the 
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patient- has been returned to her room 1,000 to 2,000 c.c. of physiologic 
sodium chloride or Ringer’s solution is given subcutaneously. The 
amount depends upon the patient’s need for fluid and the orate of its 
absorption. Some six to twelve hours later 1,000 to 1,500 c.c. of 10 per 
cent glucose is administered intravenously over a period of one to one 
and one-half hours. Its diuretic action is avoided considerably by its 
slow administration. At least a total of 3,000 c.c. of Ringer’s, Hart- 
man’s, or sodium chloride and glucose solutions must be given daily. 
Five per cent glucose solution may be given subcutaneously but ordi- 
narily only when the intravenous route is contraindicated. Each morn- 
ing 1,000 to 1,500 c.c. of subcutaneous fluid is administered and then in 
the afternoon the intravenous solution is started, after which more saline 
solution may be given subcutaneously. Deviations in the amount of 
fluids and concentrations of the glucose should be made entirely upon 
direct indication. This process is repeated daily 7 until the patient’s con- 
dition becomes favorable for oral administration. The subcutaneous 
sites are usually the thighs because this location will not interfere with 
respiration. The rectal route is used seldom because one of the inten- 
tions in the therapy is to keep the bowel at rest. Water may be used to 
moisten the lips and the mouth, but it should not be swallowed. 

At the first signs of vomiting or upper abdominal distention gastric 
siphonage should be instituted by the Wangensteen 25 method. This ap- 
paratus, of course, should be watched carefully 7 to insure its proper 
functioning. The amount of gastric fluid lost is carefully noted and an 
equal amount of isotonic sodium chloride solution is given to the patient 
to maintain a chloride balance. The small gastric tube which is passed 
through one of the nasal cavities may be left in situ for many hours 
before it is removed. After the patient is rested, it may be inserted 
again. This process may be repeated as long as necessary. It is impor- 
tant to keep an accurate record of fluid intake and output. Should the 
patient perspire freely or otherwise lose more fluids than usual, dehy- 
dration must be avoided by increasing the amount of parenteral fluids. 
Distention of the lower'bowel may be relieved by 7 the use of rectal tube 
or class dumbbell. The patient is kept in a quiet room in Fowler’s 
position and receives special nursing attention. Visitors are restricted 
to prevent fatiguing and exhausting the patient. Sedatives and anal- 
gesics are used freely but judiciously. 

One or more transfusions are indicated if there is an anemia. If peri- 
tonitis actually occurs, small frequent transfusions may be important, 
even in the absence of anemia. 

Appropriate therapy is instituted for other complications when they 


arise. 

Chemotherapeutic 

indicated only when 
or bacterieidally by 


agents, such as sulfanilamide and sulfapyridine, are 
the infectious bacteria arc affected bacteriostatically 
these medicaments. The value of these prepare- 
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tions is related directly to their timely and judicious administrations 
and proper dosage. 

If by the end of seventy-two hours absence of evidence of peritonitis 
persists, as determined by clinical and laboratory means, the patient may 
be started on clear nonfermenting fluids by mouth. Otherwise the peri- 
tonitis therapy is continued until she improves enough to be given oral 
fluids. Liquids by mouth are given in units of 15 to 30 c.c. (j /2 to 1 
ounce) at fifteen-minute intervals. The amount is increased gradually 
over the next several hours. The fluids and foods are increased in 
amount and character as rapidly as the patient tolerates them. Within 
the next few to several days, the patient arrives back on a maintenance 
diet. Should evidence of intolerance occur, the diet should be arrested 
and adequate fluids given parenterally. 

The mass sutures are left for ten days or longer, and then only the 
alternate ones are removed. This is done by raising every other button 
on one side and cutting the suture. These are more easily removed the 
following day. A day or so later the process is repeated with the remain- 
ing sutures and finally the skin clips or silk is removed. 

The success in this therapy of abdominal disruption depends upon 
earl} 1 ’ and prompt recognition of the condition, replacement of the viscera 
without additional soiling of the peritoneal cavity, minimal manipula- 
tion, and the adequate administration of the present-day therapy for 
peritonitis in all cases even in the absence of clinical peritonitis. 

SUMMARY AND CONCLUSIONS 

If there are 1,000 to 2,500 deaths annually in 15,000 estimated evis- 
cerations, certainly the focusing of attention upon this complication is 
justified. The current literature stresses the causes and prevention of 
evisceration, yet very little deals with the subsequent treatment. Some 
of the points in prevention are gentleness in care of tissue, adequate 
hemostasis, accuracy, and thoroughness in closure of the various layers 
of the abdominal wall, the intelligent and judicious use of suture mate- 
rials and the elimination and prevention of undue and sudden stresses 
as coughing, vomiting, distention, and unreasonable exercise. 

When evisceration does occur the following will enhance recovery and 
reduce morbidity : 

1. Early recognition of premonitory signs and actual evisceration. 

2. Immediate closure with nonabsorbable mass suture with minimal 
manipulation. 

3. Employment of wound pack only for the very critically ill. 

4. Drainage only on positive indications. 

5. Strict peritonitis care. 

The employment of through-and-tlirougli “looped” or “loop and one- 
half” mass nonabsorbable suture is recommended for closure of eviscera- 
tion. This method, along with strict medical management for potential 
or actual peritonitis, has, in this limited series, yielded good results. It 
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is in agi cement Avitli and amplifies recent reports. It does not interfere 
uitli diainage of the superficial portion of the wound and drainage 
fiom the peritoneal cavity can bo instituted by the proper placement of 
the sutures. At the same time this approximation of tissues gives full 
vision to the wound edges and appears to give better apposition of the 
peritoneum, muscle, and fascia respectively than the usual through-and- 
through mass suture. Current reports advise against the employment 
of absorbable suture material in secondary closures. 

Surely this type of closure has been used by others, but thus far not 
one report has been found under titles referable to abdominal wound 
disruptions. 

. il c ] in0 '",' le . c1sn ' en t ' s . made to Dr. Fred I .. Adair and the various members of his 
staff for their cooperation in tins study. 
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EXPERIMENTAL STUDIES WITH SYNTHETIC FIBER 
(NYLON*) AS A BURIED SUTURE 


Leon J. Aries, M.D., Ph.D., Chicago, III. 

(From the Division of Surgery, Northwestern University Meclical School) 

S UTURE material has presented a problem to surgeons ever since its 
inception. Tlie use of nonabsorbable suture has given way to the 
absorbable suture and again the use of nonabsorbable material is be- 
coming popular. Suture material must approximate tissues and keep 
them in the desired position until they have united. The suture should 
not introduce infection or cause irritation in the tissues in which it is 
used. Since nonabsorbable material is encapsulated and walled-off as 
a foreign body, the smaller the diameter of the material used, the less 
will be the tissue response and the greater the ease in encapsulating it. 
Thus, a fine nonabsorbable suture with a tensile strength greater than 
an absorbable suture (of even wider diameter) would be advantageous. 

Catgut is known to be irritating to the tissues, 1 calling forth an early 
leucocytic response. Chromieized catgut is less irritating than non- 
chromicized gut and silk causes even less irritation than any type of 
catgut. The tensile strength of silk is greater than that of catgut of 
equal diameter. Silk allows tissue fluids and serum to penetrate be- 
tween its twisted strands which is followed by an infiltration of leuco- 
cytes and granulations within the interstices of the fibers and is fol- 
lowed by an invasion of fibroblasts. Silk treated to prevent this pene- 
tration is more irritating to the tissue and is rather stiff and wiry 
unless soaked before using. When wet, it is more difficult to handle 
and gnarls or twists into knots. Much of the elasticity of the silk is 
also lost in this treating process. 

We wish to present the results of investigative work on a new 
synthetic fiber which has practically none of the disadvantages of cat- 
gut and has several improvements over silk. 

Nylon 2 is a fiber material composed of a synthetic polymer derived 
from the chemical union of a diprimary diamine and a dicarboxylic 
acid. It is a chemically inert substance and will thus withstand re- 
peated steam and chemical sterilizations without deterioration. The 
suture is insensitive to aqueous solutions, except strong acids. The 
x-ray diffraction pattern has placed this filament in the class of true 
fibers. Being a synthetic chemical fiber, the material is not subject to 
inherent bacterial contamination as are sutures derived from tissues of 
animals or living organisms. 

The suture is made in various sizes from No. 000 to No. 2 twisted 
and fro m No. 000 to No. 2 braided. The monolithic strand comes in 
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is in agreement witli and amplifies recent reports. It does not interfere 
with drainage of the superficial portion of the wound and drainage 
from the peritoneal cavity can be instituted by the proper placement of 
the sutures. At the same time this approximation of tissues gives full 
vision to the wound edges and appears to give better apposition of the 
peritoneum, muscle, and fascia respectively than the usual through-and- 
throngh mass suture. Current reports advise against the employment 
of absorbable suture material in secondary closures. 

Surely this type of closure has been used by others, but thus far not 
one report has been found under titles referable to abdominal wound 
disruptions. 

Acknowledgment is made to Dr. Fred I Adair and the various members of his 
staff for their cooperation in this study. 
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eiglit-day animals. Those sacrificed after fifty-six days presented no 
infiltration and a definite ring of fibroblasts walling off the suture 
(Fig. 1). 

Microscopic sections of twisted nylon presented a few leucocytes 
about the suture. The twenty-eight-day animals had lymphocytes in 
some sections. Later examinations of the nylon revealed the material 
well walled off from the tissue with no reaction about it. 

Microscopic study of the dyed and undyed silk revealed a tissue 
reaction not appreciated on gross examination. The silk in the fascia 
and muscle was infiltrated by leucocytes and surrounded by a cuff of 
leucocytes. The tissue of animals sacrificed after thirty-five to fifty-six 
days presented fewer cells about the silk and they were lymphocytes 
and plasma cells in place of the early leucocytic response. In one field 
the silk and nylon were lying within 15 mm. of each other, the nylon 



nnn mdnn of CI ' oss , section of rectus muscle in -which monolithic No. 

socments Of . rei fi ain ,. for ftfty-six days. There are two homogeneous 

fvmphocytos fx57 ) ' ln tlle tlssue surrounded by connective tissue and a few 


free of cells and the silk infiltrated with round cells. Sections of nyloi 
of larger diameter, No. 0, had lymphocytes and round cells in ver; 
small numbers between the fibers of the twisted filament. This wai 
less in amount than that caused by the silk. 

Ivisted nylon, No. 000, is the easiest size to handle and causes les; 
irritation than the same size silk. It is. a little more irritatum thai 
monolithic nylon, however. Monolithic nylon is not as flexible °as tin 
twisted fiber, and thus forms large knots which are not well eneapsu 
la ted by tlie tissues, 1 
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sizes Nos. 000 to 2, but it is not as flexible as the multifilament strand. 
Monolithic strand threaded on a needle forms a large loop over the 
eye, thus cutting holes when drawn through the tissues. The swedged 
needle has obviated this difficulty, but the suture material still cuts 
through when approximating soft, delicate tissues. The twisted strand 
has a greater tensile strength than an equal-sized strand of silk and 
is easier to handle foi' the following reasons : The end does not fray 
readily when cut and can be threaded with ease ; when wet it does not 
snag or twist into knots, even with the No. 000 gauge; there is an ease 
in approximating tissues without breaking the suture because of its 
elasticity which also prevents slipping of the knots, and a very small 
space is occupied by three knots. 


PURPOSE OP EXPERIMENT 


The following experiments were performed on dogs using nylon and 
silk to determine the tissue response, the irritative phenomena, the 
ability of the material to hold under tension, foreign body reaction in 
delayed healing by the introduction of infection, and the tendency of 
the material to form fistulous tracts. 


Eighteen fascial experiments were carried out on nine dogs. Left 
and right 4-ineh paramedian abdominal incisions were made in the skin 
of each dog. The anterior rectus sheath was ineised for 1 inch at the 
upper and lower ends of the incision, leaving a 2-incIi intact anterior 
rectus sheath. The upper right rectus muscle and fascial sheath were 
sutured with No. 000 monolithic undyed nylon, the lower right muscle 
and fascia with No. 000 twisted nylon. The left abdominal incision 
was made in the same manner, but the upper right rectus muscle and 
fascia were sutured with No. 000 undyed silk while in the lower rectus 
muscle and fascia, black silk was inserted. 

Dogs were sacrificed at intervals of from fourteen to sixty-one days. 
The following gross findings were evident: The monolithic nylon, 
whether dyed or undyed, presented no adhesions to the overlying 
subcutaneous tissue. There was no collection of serum and the suture 


material was more flexible than when placed in the fascia. The ma- 
terial retained its shape and color and was not fragmented. The varia- 
tion in time from twenty-eight to sixty-one days made very little dif- 
ference in the gross appearance of the nylon, whether dyed or undyed. 
The encapsulation of the silk was more complete so that little or no 
silk was visible. Even the knots were covered with dense tissue. The 
animals sacrificed at. the end of seven to eight weeks were so well 
healed that it was only the markers left in the tissue that helped reveal 
the presence of the nylon and silk. 

Microscopic sections through the monolithic sutures revealed the mn- 
t • 1 +n he well encapsulated. There were a few lymphocytes about 
jr suture in the fourteen-day animals and round cells in the twenty- 
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suture in the serosal layer was surrounded by a few cells and only 
occasionally was there an infiltration of the interstices of the suture 
filament. Two anastomoses high in the jejunum presented practically 
no tissue reaction on microscopic study. It is well to note heie that 
anastomoses made by continuous suture using a nonabsorbable sutuie 
material are dangerous. The lumen of the bowel cannot dilate due to 
the limited elasticity of the suture and will continue to contract with 
healing and scarring, thus narrowing the stoma. Since this material 
does not fragment or weaken, one should use interrupted stitches to 
allow dilation of the lumen. 

Microscopic examination of the blood vessels in the mesentery tied 
with nylon revealed complete obliteration of the artery and vein with 
no evidence of leucocytic or lymphocytic infiltration about the suture 
material. There was no evidence of the suture having cut through the 
tissue. 



2.-— Photomicrograph of a cross section of segment of jejunum in which an 
end-to-end anastomosis had been performed twenty-eight days before using Ko 000 
strand? TxToo!) ‘ N ° t0 ^ absence ° £ Ceils between taeTterluces of t^e twisted 


The following experiments were performed on the stomach: A longi- 
tudinal incision was made through the anterior surface of the stomach 
3 inches long; the proximal one-half of the gastrotomy was sutured 
with twisted black silk and the distal half with nylon, No. 000. Two 
layers of interrupted suture were used, followed by a peritonealizing 
layer of silk and nylon, respectively. The animals were examined in 
fourteen, twenty-one, and twenty-eight days. The incisions were healed. 
There was no evidence of cutting through the tissues and the mucosa 
was smooth and intact. Grossly, one could not differentiate the type 
of suture used, but on microscopic examination the silk suture was 
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llnee-inch segments of the jejunum and ileum of seven dogs were 
attached to the anterior parietal peritoneum with No. 000 monolithic 
nylon swedged on needles to determine whether or not the bowel would 
cut away from the peritoneal attachment. The suture material had to 
he swedged on needles to prevent the formation of large holes in the 
seromuscular layer of the bowel when the monolithic suture looped in 
a large arc through the eye of the needle. Because of the poor flexibil- 
ity of the suture, it would partially cut through the bowel wall when 
an attempt was made to approximate the bowel to the parietal peri- 
toneum. The use of No. 000 multifilament nylon allowed for the use 
of fine-eyed needles and the accurate approximation of tissues without 
the suture material looping out between the sutures as in the monolithic 
strands. 


Examination of the fixed loops of bowel at intervals up to sixty days 
revealed incomplete approximation of the bowel to the peritoneum of 
the abdominal Avail where monolithic strands had been used. A thin, 
shiny mesothelial layer covered the projecting loops of suture. The 
bowel sutured with multifilament nylon was well approximated and no 
suture material Avas Afisible. The peritoneum did not reveal irritation 
and on cross section the material A\ r as Avell encapsulated. Microscopic 
examination of the peritoneum and boAvel Avail revealed the suture Avith 
a feAV round cells about the area, not enough to form a single layered 
cuff about the periphery of the suture material. 

Five end-to-end anastomoses Avere performed on the jejunum and 
ileum of five dogs using No. 000 nylon sutures. The vessels in the 
mesentery Avere ligated separately for study of the effective oblitera- 
tion of vessels. The usual continuous suture Avas placed through the 
full thickness of the boAvel using a Connell suture on the anterior sur- 
face. A second layer of continuous Lembert suture Avas inserted in the 
serosa Avhich approximated easily. No suture material Avas Adsible 
about the anastomosis. The animals Avere alloAved fluid by mouth after 
six hours if they Avould take it, and most dogs drank freely the fol- 


loAving day. Examination of the anastomoses at intervals from fifteen 
to sixtv-one days did not reveal any evidence of leakage or peritonitis 
in any of the dogs. It Avas difficult to find the anastomosis after the 
fifth Aveek as the suture line Avas so Avell approximated. Upon opening 


into the lumen, the mucosa Avas smooth and the suture line Avas not 
discernible. There Avas no evidence of the knots of suture material. 

Sections of tissue from the Avail of the jejunum and ileum revealed 
the mucosa to be Avell approximated, the suture material in place and 
no evidence of serum about it. Microscopic study of the suture in the 
mucosa indicated an increase in the number of round cells normally 
nresent in the mucosa, but no collar of leucocytes about the suture, as 
was eA-ident with catgut. The suture in the submucous layer (Fig. 2) 
was surrounded by fibroblasts and connective tissue and was free of 
invadin" round cells or leucocytes m twenty-e.ght-day sections. Ihe 
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in position presented areas of inflammation which on microscopic ex- 
amination were found to be surrounded by cuffs of leucocytes six to 
eight rows deep. The areas where the sutures had fallen out were 
being invaded by fibrous tissue. Sutures in the fascia and peritoneum 
were well encapsulated with no evidence of leakage or fistula formation 
about the exposed bowel. Microscopic examination of the fascial and 
peritoneal attachments presented a slight round-cell infiltration about 
the suture but no infiltration between the fibers. The suture through 
the mucosa was surrounded by the normal number of round cells of the 


mucosa. 

The following experiments were performed on the bladders of two 
dogs to determine fistula formation with No. 000 nylon. Through a 
paramedian incision in the male dog, the urinary bladder was brought up 
to the anterior abdominal wall. A 1-inch incision was made in the 
fundus of the bladder and urine escaped. The defect was sutured with 
two layers of interrupted No. 000 nylon and followed by a continuous 
suture in the serosa. The bladder was then anchored to the abdominal 
wound Avith stay sutures. The peritoneum, fascia, and skin were su- 
tured to the Avail of the bladder respectively. The Avound became 
edematous and pink, but this subsided after ten days. The animals 
Avere sacrificed after fourteen to tAventy-one days. No pus Avas present 
in the Avound. There Avas no evidence of fistulas Avhen the bladder 
Avas injected Avith colored fluid under pressure. The bladder Avas Avell 
healed. The serosal surface Avas adherent to the abdominal scar and 
the mucosa covered the suture line Avithin the bladder so that it Avas 
found only by the serosal markings. Microscopic examination through 
the suture line to the abdominal Avail rermaled the suture surrounded 
by a single layer of cells in the fascia and scattered round cells in the 
subserosa of the bladder. The areas Avith leucocytes in the fascia Avere 
Avell surrounded by fibrous tissue and securely Availed off. There AA’ere 
no invading cells in the mucosa of the bladder. The suture remained 
unchanged (Fig. 4). 


To determine the fate of silk and nylon in infected Avounds, right 
and left longitudinal paramedian incisions Avere made through the 
skin, anterior rectus sheath, and rectus muscle. Into the upper half 
of each rectus muscle four interrupted nylon sutures Avere placed and 
into the loAver half of each rectus muscle No. 000 silk AA-as inserted. 


The fascia Avas closed Avitli interrupted nylon in the upper half and No. 
000 silk in the lower. The wound on the left Avas inoculated Avith a pure 
broth culture of Bacillus coli and the right Avound Avith a pure broth cul- 
ture of Staphylococcus aureus. The skin Avas closed with No. 000 nylon 
Examination of the left Avound in three dogs revealed a marked infec 
tion with edema and redness of the edges and the presence of frank pus 
appearing through the skin suture holes. The right wound was edem 
atous and red; little pus was present. After fourteen days the inflam- 
mation in t ic left wound began to subside and the pus was less in 
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invaded and surrounded by a cuff of round cells. There were a few 
round cells about the nylon suture, but no cells in the interstices of 
the fiber (Fig. 3). The lack of reacting- cells is striking as grossly the 
silk and nylon appeared identical. 

Two gastroenterostomies were performed in the routine manner us- 
ing continuous suture of No. 000 nylon. No suture was visible at the 
completion of the operations. Animals were given fluids after six hours 
and fed after forty-eight hours. Examination of the anastomoses after 
twenty-one and twenty-eight days revealed a good functioning enteros- 
tomy without adhesions. The size of the stoma was limited by the 
continuous suture which could not be dilated. The microscopic sections 
revealed a few round cells about the suture but less irritation than 
was present in the experimental animals in which silk was used. 



jpjg-. 3, — photomicrograph of a segment of stomach in which a gastrotomy had been 
performed twenty-one days before the upper cross section of No. 000 nylon revealed 
the presence of a few invading cells. The crescentic longitudinal segment of silk No. 
00 on the right is invaded and surrounded by lymphocytes. (X45.) 


The sigmoid colon of two dogs was brought, up to the abdominal wall 
and sutured with interrupted No. 000 nylon as a colostomy. Inter- 
rupted sutures were placed between the bowel and peritoneum, second 
between the bowel and fascia, and then between the bowel and skin. 
The sutures were deliberately placed through the full thickness of the 
sigmoid to try to form fistulous tracts. The bowel was not opened so 
that if fistulas developed they could be easily found. Examination of 
the wound revealed puffiness and edema about the skin margins which 
\ after fourteen days. The sutures cut through the ski n mar- 

SU S1 . ‘ veral places where the tension was great. After twenty-one 
T™' inflammation subsided and the wound appeared pink. The 
dS were sacrificed at twenty-eight days. The skin sutures renaming 
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dropped back into its original position. Examination after three and 
four weeks revealed adhesions present about the suture line which were 
easily freed. The suture was well covered with fibrous tissue. On cross 
section the suture was visualized about the nerve bundles. On micro- 
scopic examination there were no leucocytes present in the perineurium 
or between nerve bundles. There were fibroblasts present about the 
nylon suture and occasional lymphocytes. 

* The extensor tendons of the forelegs of three dogs were exposed by a 
longitudinal incision and the tendon sheaths incised. Three tendons of 
the foreleg of each dog were severed transversely and immediately re- 
paired, two of the tendons with nylon suture and one with silk in each 
dog. The sutures were placed through the tendon about one-lialf inch 
proximal to .the severed end and tied to the tendon edge forming long 
tension sutures which were then tied to each other across the gap. Two 
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r ’V 8. Photomicrographs of an end-to-end anastomosis of extensor tendon twentv- 
eiglit days. No. 000 nylon suture appears in the tendon without evidence of infiltra- 
tion of white cells. (X15.) 


interrupted sutures were placed through the severed ends to approxi- 
mate the cut surfaces. The superficial fascia and skin were closed 
with nylon. The forelegs were then encased in plaster of Paris casts 
from humerus to phalanges and allowed to remain for two, three, and 
four weeks, when segments of the tendons were removed and the dogs 
used for other suture experiments. 

Examination of the tendons after two weeks revealed practically the 
same findings in all tendons whether silk or nylon was used. There 
was a thickening of the suture line at the end of two weeks which 
diminished in bulk at the third week ; and at the end of four weeks 
there was practically no thickening so that it was difficult to find the 
suture material except for the marker. The microscopic examination 
of the nylon is demonstrated in Fig. 5. There were no round cells or 
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amount. Edema of the edges was still marked. The nylon suture had 
cut through in two places. The right wound was pink and slight edema 
was present. The nylon suture was absent from two sutured areas. 
After twenty-one days the wound on the left was free of pus, but a 
serous discharge persisted from the suture holes. There were no gaps 
in the wound, but serum caused an elevation of the skin. The right 
wound Avas well healed. The dogs were sacrificed at twenty-four days 
and the skin opened through the original incisions. The right fascia 
held securely in the silk and nylon ties; however, the fascia retracted 
between the sutures. Grossly the silk and nylon appeared the same. The 
left fascia and muscle were covered by a mucoid material and the sutures 
were lying securely knotted in the fascia, the edges of which wore re- 
tracting. Microscopic examination of the left and right fascia and 
muscle presented a marked infiltration with leucocytes about the silk 
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and in between its fibers. There was marked separation of the fibers 
with a fragmentation of the silk. The nylon was surrounded by cuffs 
of leucocytes and lymphocytes which are not as closely packed together 
as about" the silk suture. At this period, of twenty-four days, the in- 
fection seemed to be in a less acute stage about the nylon with a shift 
to lymphocytes, while leucocytes still surrounded the silk. 

77 c of Nylon in Perineurium. — The sciatic nerves of three dogs were 
SC d and only partially severed to prevent a complete paralysis which 
expose < follo ‘ vcd py infection in the wound. The perineurium was 
is usua 3 qqq nylon which brought the nerve ends together. No 

sutured v,i ' • ■ sutured areas with fat, but the nerve was 

attempt was made to coaci 



HOW LONG SHOULD OPERATION BE DEFERRED IN CASES 
OF INTENSE JAUNDICE OF RECENT ONSET? 

Arthur L. Bloomfield, M.D., San Francisco, Calif. 

(From the Department of Medicine, Stanford University School of Medicine) 

W HIL E the majority of cases of intense jaundice are due to hepa- 
titis,* stone in the common duct, or cancer implicating the bile 
passages, the differential diagnosis of these three conditions is often 
extraordinarily difficult. Stone and cancer are, of course, unusual in 
young people; previous attacks of colic point to stone and the demon- 
stration of a huge distended gall bladder or metastatic nodules prac- 
tically clinches the diagnosis of neoplasm, but all signs can fail, in- 
cluding the various laboratory tests, and one may observe the patient 
day after day without reaching a definite conclusion. This group of 
undiagnosable cases of intense acute jaundice is a sore trial to the 
physician, particularly with reference to surgical interference. If the 
patient has stone in the common duct, operation is, of course, in order, 
and if an attempt is to be made to do anything about cancer, then the 
sooner the better. But if the jaundice is due to hepatitis, one is dealing 
with a nonsurgical condition and exploration not only serves no pur- 
pose but may harm the patient. In a recent case, for example, an 
elderly man, intense jaundice with acholic stools had existed for three 
weeks without definite diagnosis being possible. He was in splendid 
condition and seemed to tolerate his icterus unusually well. At opera- 
tion there was found not the suspected stone but hepatitis with color- 
less material in the ducts and in the gall bladder, which was drained. 
In spite of thorough preparation with glucose and saline solution, bile 
salts, and vitamin Iv, the patient lapsed into coma with high blood 
urea and fever and died within three days. 

It has been our impression that surgeons faced with this problem of 
intense jaundice of uncertain cause have no very definite basis for 
deciding just when interference is in order, if at all. What happens 
as a rule is that after a variable and irrational period of observation 
those in attendance feel they have waited "long enough” and that 
they had better "look in.” They have not clearly formulated the 
problem in some such way as this: It is desirable to operate for stone 
or cancer, but undesirable to operate because of hepatitis. Since hepa- 
titis usually clears up spontaneously, how long should one wait for such 
clearing in a doubtful case of intense jaundice before concluding that 
one is not dealing with hepatitis and that operation is therefore in 
order? 
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leucocytes but a - few plasma cells and fibroblasts surrounding the 
suture material. The microscopic sections of the tendon with silk re- 
vealed the presence of three rows of lymphocytes and leucocytes sur- 
rounding the silk, a definite irritation as compared with nylon. 


SUMMARY AND CONCLUSIONS 


Experiments performed with nylon suture in fascia and muscle reveal 
the use of monolithic suture to be superior to twisted nylon and silk, 
causing less irritation to, and being the least affected by, the tissues. 
Monolithic strands, however, are more difficult to handle, are not as 
flexible as the twisted filaments, and are thus less practical for deep 
suture of abdominal viscera. The knots are bulky and not easily 
encapsulated. 

Multifilament nylon, especially No. 000, is easily handled, is flexible, 
and can be threaded without difficulty on fine needles. This suture ap- 
proximates tissues without cutting through. The material is more elastic 
than silk and in the fascia and muscle does not cause as much irritation 
to and is not attacked by, the white blood corpuscles, as acutely as a 
similar-sized silk suture. 


Experiments performed on stomach, jejunum, and ileum show excel- 
lent results with nylon as to its lack of irritative properties and good 
retentive ability, even with such small caliber material as the No. 000 
gauge. 

The use of nylon in attaching hollow organs to the abdominal wall as 
the sigmoid colon and the bladder does not result in fistulous tracts, 
while the viscus remains securely attached to the wound. 

Bladder tears closed with No. 000 nylon hold securely and do not 
result in fistulous tracts. 


Nylon placed in tendon and nerve is well tolerated, does not call forth 
a leucocytic or even lymphocytic response. The fine-sized No. 000 suture 
will hold the tendon securely and does not occupy much space. 

Nylon in infected wounds acts much the same as silk in securely hold- 
in" the tissues and remaining unchanged. Nylon allows for an early 
change from leucocytic to lymphocytic response about the suture, while 
the silk keeps the leucocytes present for longer periods. 

Nvlon has all the good qualities of silk and in addition is stronger, 
less irritating, and does not allow for as marked an invasion of its in- 


terstices as silk. 

Nylon may be boiled several times without losing its original tensile 

strength. 
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Table II 


Summary op Observations op Duration op Jaundice in Cases of Hepatitis 
Before Clearing Began 


CASE 

NO. 

AGE 

SEX 

DURATION op 

jaundice until 

CLEARING BEGAN* 
(DAYS) 

HIGHEST 

VAN DEN BERGH 
(UNITS) 

HIGHEST 

ICTERIC INDEX 
(UNITS) 

1 

s 

F 

6 

— 

— 

2 

4S 

F 

6 

10 

53 

3 

30 

M 

7 

11 

54 

4 

12 

M 

7 

— 


5 •• 

20 

F 

7 

— 

oo 

6 

34 

M 

9 

IS 

66 

7 

43 

M 

10 

8 

50 

s 

35 

M 

10 

15 

— — 

9 

58 

F 

14 

GO 

200 

10 

44 

M 

14 

13 

6S 

11 

40 

M 

16 

40 

129 

12 

3S 

M 

17 

12 

"*•***“■ 

13 

3S 

M 

IS 


33 

14 

34 

M 

IS 

24 

65 

15 

45 

F 

21 

00 

106 

10 

07 

M 

21 

49 

144 

17 

07 

M 

21 



160 

IS 

25 

M 

21 

6 

34 

19 

31 

M 

21 

50 

166 

20 

50 

M 

21 

50 

256 

21 

49 

F 

21 



50 

22 

50 

F 

23 

35 

144 

23 

35 

M 

23 

S 

62 

24 

4S 

M 

20 

110 

300 

25 

3S 

M 

30 

15 

75 

26 

37 

M 

30 

5 

33 

27 

53 

U 

35 

s 

50 

28 

OS 

M 

35 

25 

100 

29 

22 

M 

1 35 

50 

20 S 


“The duration was determined as accurately as possible, but there are doubtless 
small errors In some oC the cases, especially in dating onset of jaundice as noticed by 
patient or friends. 


Table III 

Clearing op Jaundice in Cases op Hepatitis in Relation to 
Duration op tiie Disease 


MIRATION 

(WEEKS) 

NO. OF CASES 
BEGINNING TO CLEAR 

PERCENTAGE OF 

WHOLE 

5 

29 

100 

4 

24 

S3 

3 

14 

4S 

<1 

S 

2S 

l 

2 

7 


From Table II some other points of interest can be deduced. Hepa- 
titis is not particularly a disease of young people as some propose. 
'1 able 1\ shows, for example, that two-thirds of our eases were between 
31 and 50 years of age, and there were nearly as many in the sixth and 
seventh deeades as in the first three. The fact that the patient is not 
young does not therefore justify the surgeon in passing over the pos- 
sibility of hepatitis. 
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As a background with which to compare the statistics to be dis- 
cussed presently, the above question was posed to five surgeons, all 
senior staff men of large experience, and to five internists. The sur- 
geons gave it as their opinion that with intense obscure jaundice of 
recent onset one should not delay operation for over one week (one 
opinion), ten days (two opinions) and two to three weeks (two opin- 
ions). Walters and Snell 1 in their recent monograph concur in the 
feeling that only a brief period of watching is justifiable. The intern- 
ists, on the other hand, apparently aware of rare instances of acute 
hepatitis that clear up entirely after several months of jaundice, all 
felt one should wait from four to eight weeks. 

In view of all this confusion it seemed important to get the facts as 
to how soon the jaundice begins to lessen. A search through our files 
yielded twenty-nine cases, proved by their subsequent course to have 
simple hepatitis, in which it was possible to determine with reasonable 
accuracy the number of days from onset of jaundice to the beginning 
of subsidence. The trend of the van den Bergh test or of the icterus 
index measured at frequent intervals together with the presence or 
absence of bile in the stools were the pertinent data. Table I is a 


Table I 

Data for Calculation of Duration of Jaundice From Onset Until Clearing 
Began in Patient F* 



VAN DEN BERGH 
(UNITS) 

ICTERIC INDEX 
(UNITS) 

BILE IN STOOLS 

July 1, 1936, jaundice first noticed 
July 16 

50 

208 


July 22 

50 

178 


July 27 

45 

182 

0 

Aug. 3 

45 

166 ! 

0 

Aug. S 

27 


+ 

Aug. 10 

— 


+T+ 

Aug. 15 

24 

92 


Aug. 22 

— 

GO 



♦Onset of resolution of jaundice is clearly not earlier than Aug. 3 nor later than 
Aug. S. The total duration of the jaundice until clearing began is then not less than 
thirtj'-four days and not over thirty 'nine days. 


protocol of an illustrative case, and Table II gives a summary of all 
the observations. Table III is of special importance because it shows 
how soon jaundice begins to subside in various eases of hepatitis. It is 
seen, for example, that after two weeks only 28 per cent of the eases 
had begun to clear. Obviously, then, the surgeon who interferes after 
so short a period of observation will operate ill advisedly on many 
people who would later recover spontaneously. Even three weeks is 
too brief a time and in order to he sure that one is not dealing with a 
nntaneouslv resolvable icterus one should wait in doubtful eases for 
at least four and perhaps five weeks. Xo harm will be done, even if 
stone or cancer turns out to be present, by a delay of this duration. 

■ ,, * n hemorrhagic tendency can be controlled bv vifa- 

espccially non imu “ 

min Iv and bile salts. 
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Table IV 

Age Distribution of Cases of Hepatitis 


DECADE 

NO. OF CASES 

PERCENTAGE 

1-10 

i 

3.5 

11-20 

i 

3.5 

21-30 

4 

14.0 

31-40 

10 

38.0 

41-50 

8 

28.0 

51-60 

2 

7.0 

61-70 

3 

10.0 


Table II shows also that there is no exact relation between the'inten- 
sity of the jaundice and its persistence. A profound jaundice may 
resolve quickly ; a milder icterus may persist for weeks. 


DISCUSSION AND SUMMARY 

An inquisition of experienced surgeons revealed the general feeling 
that exploratory laparotomy should be done in undiagnosed cases of 
recent intense jaundice after only a brief (one to two weeks) period 
of observation. The same opinion is expressed in the literature. We 
have pointed out that such a period is far too short to eliminate most 
cases of acute hepatitis, a condition in which surgery is not only useless 
but may be harmful. Actual statistics on the duration from onset, of 
jaundice to beginning of resolution show that a period of observation 
of at least a month is necessary to rule out hepatitis with any degiec 
of certainty. In contrast to surgeons, internists, perhaps more awaie 
of the occasional case of hepatitis which does not resolve for two or 
three months, are inclined to wait too long before advising operation. 


REFERENCE 

1 Walters, Waltman, and Snell, Albert M.s Diseases of the Gallbladder and Bile 
Duets, Philadelphia, 1940, W. B. Saunders Co., p. 35 < . 
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cyst or a cyst due to compression o£ the ducts by a malignant growth. 
Maes 29 reported the removal of a cyst of the pancreas in which the 
pathologic report was cystadenoma, the chief histology being character- 
istic of "a benign new growth, although occasional areas were observed 
in which an infiltration tendency was apparent. 

In the ovary, papillary cystadenoearcinoma resulting from malignant 
proliferation of the epithelium lining a benign cyst occurs not infre- 
quently. In the pancreas this seems to occur only rarely. 

Pathology . — There are many different classifications of pancreatic 
cyst in the literature. Boyd, 5 in his textbook of pathology seems to 
have the simplest classification. He divides cysts of the pancreas into 
retention cysts, congenital cysts, eystadenomas, and pseudocysts. Pseu- 
docysts are the common variety, but they are not true cysts of the 
pancreas and have no epithelial lining. They are usually situated in the 
lesser peritoneal cavity in front of the pancreas. This cyst is preceded 
by some injury to the pancreas, either trauma or hemorrhagic pan- 
creatitis. As a result of upper abdominal injury, pancreatic secretions 
escape into the lesser peritoneal sac and, as the foramen of Winslow 
becomes sealed, a cyst develops. Stevenson 43 reported a typical case 
of this in a farmer whose upper abdomen was trampled on by a horse. 
Cushing 8 described another ease following a blow on the abdomen. 
According to Boyd, 5 eystadenomas of the pancreas are rare tumors 
which may be benign or malignant. They are usually benign. Mc- 
Kechnie 31 believes that multilocular cysts are likely to be malignant. 

Lichtenstein 26 subdivides the malignant pancreatic cysts into three 
classes: Essentially solid adenocarcinomas with epithelial-lined cysts; 
large epithelial cysts with carcinoma in the pancreas outside the cyst 
wall; and papillary cystadenocarcinomas. 

Pancreatic cysts may originate from any part of the pancreas and 
may present above or below the stomach, and even below the transverse 
colon. Heiberg 15 believes that the favorite site for cystadenoma is the 
tail of the pancreas. Lazarus 2 * 5 states that the rarest position for a pan- 
creatic cyst is in the head of the pancreas. The most common position 
into which t he cyst grows is between the stomach and the transverse 
colon. 

The cyst fluid may be clear, cloudy, straw-colored, greenish, brown, 
or bloody. Tilger 44 found that among 18 cases of pancreatic cysts 
there were 4 which showed no evidence of any pancreatic ferments 
present in the cyst contents. According to Judd, 21 one or more pan- 
creatic enzymes are usually present in pancreatic cysts. This may be 
used as a distinguishing feature because, if the fluid will coagulate egg 
albumen or split starch, it is probably pancreatic in origin. Spcese 42 
reported a benign cyst, the contents of which showed pancreatic fer- 
ments. Seven years later (Table I), the case developed a malignant 
cystic adenoma in the abdominal wall, the origin of which may well 
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collected 566 cases of pancreatic carcinoma and found that males were 
twice as frequently affected as females. Pancreatic cysts are usually a 
disease of middle life. Among 112 cases of Muller, 33 * 70 were between 
20 and 50 years of age. Hulkc 20 reported a ease in a 47 -year-old woman 
in whom an abdominal tumor had been noticed since girlhood (about 
forty years). 

Etiology . — It seems to be agreed generally that pancreatic cysts are 
usually the result of some sort of obstruction to the normal secretion of 
the pancreatic juice in the organ. Wangensteen 45 states that the most 
frequent antecedent of a large serous cyst of the pancreas appears to 
be a prior attack of pancreatic necrosis. It is easy to suppose that, 
following pancreatitis, fibrous contraction exerts pressure on the pan- 
creatic ducts sufficient to cause obstruction. Retention cysts are prob- 
ably due to this. However, cystadenomas may be due to accumulation 
of fluid in cavities that are formed by spontaneous proliferation of the 
epithelial elements of the gland. Priesel 35 believes that, if there is pro- 
liferation of the cylindrical epithelium of a pancreatic duct, it may go 
on to form a cystadenoma or even an adenocarcinoma without infiltrat- 
ing growth. He states that most authors believe that cystadenomas of 
the pancreas are due to aberrant pieces of pancreatic tissue which have 
become isolated. 

Ballin and Saltzstein 4 cite one ease of a nonmalignant pancreatic 
cyst which developed two months after cholecystectomy, and could find 
no record of any other similar case. This must be very rare. However, 
Judd 21 found gall bladder disease associated with cysts of the pancreas 
in 17 of his series of 41 cases. Horrocks 18 reported an autopsy on a 
ease of benign pancreatic cyst associated with glycosuria and gallstones. 
The cyst contained about two pints of fluid, and a stone the size of a 
pigeon's egg was found loosely impacted in the common bile duct. 
Archibald and Kaufman 2 state that the pancreatic adenocystomas are 
true tumors, like the corresponding tumors of the ovary, and that they 
arise from the parenchymal cells by proliferation. They are, therefore, 
crlandular structures lined with euboidal epithelium. 

Lichtenstein, 28 in his excellent, detailed account of a case of papillary 
cystadenocareinoma of the pancreas, stated that one is justified in as- 
sumin'* that in his patient the lesion started as a benign cystadenoma. 
This patient was free of any local or constitutional sign of cancer for 
■it least five years in the presence of an upper abdominal tumor. His- 
tologic examination of this tumor demonstrated that some of the cyst 
waif still showed the structure of a benign mulfilocular cystadenoma. 
Oser 34 believed that in the formation of cysts of t he pancreas the closure 
of the pancreatic duct may cause stagnation and accumulation of the 
natholoffic products, but can never be the sole cause of retention of the 
■nematic juice in an otherwise normal gland. Hopkins 17 cites a case 
1 ),! ‘ _ cvgt which at autopsy showed what was considered to 

be cithern! carcinoma developing in the wall of a benign pancreatic 



KENNABD : PAPILLARY CYSTADENOCARCINOMA OP PANCREAS 16 

cysts of the liver and large hydrops of the gall bladder arise from the 
Tight upper quadrant, and on percussion usually can be shown to be 
part of the liver or continuous with it. Retroperitoneal tumor othei 
than pancreatic cyst usually feels solid rather than fluid. Aortic an- 
eurysm shows marked pulsation. 

Diabetes mellitus was present in 3 out of 47 cases in Judd, Mattson, 
and Mahomer’s 22 series of pancreatic cysts. As shown in Table I, the 
present case and one other are the only malignant pancreatic cysts 
with a definite glycosuria, although the urine was reported in only 6 
of the 25 cases. Leven 27 states that in his series of 566 cases of pan- 
creatic carcinoma glycosuria was an infrequent finding. Diabetes 
occurred in only 9 out of 134 eases of pancreatic cyst reviewed by 
Oser. 34 A ease of benign pancreatic cyst which was marsupialized four 
years after the patient had developed diabetes and one year after the 
cyst was first noticed was described by Hoon. 16 Sodeman 41 reported 1 
ease of cystic disease of the pancreas with apparent disappearance of 
diabetes following operation. 

Whipple 47 suggests giving barium simultaneously by mouth and by 
rectum as a diagnostic procedure. In many cases pancreatic cysts will 
push the stomach upward and to the right and will also push the 
transverse colon downward. After giving barium from above and 
below, x-ray will show the pancreatic cyst bulging between the stomach 
and the transverse colon. Fluctuation of the cyst mass sometimes can 
be observed on palpation. In 1903, Oser 34 suggested outlining the stom- 
ach in relation to a pancreatic cyst by means of the administration by 
mouth of tartaric acid and sodium bicarbonate, thus distending the 
stomach with gas. According to Wangensteen, 40 pancreatic cysts occa- 
sionally transmit pulsations from the abdominal aorta which lies beneath. 

Typically, a diagnosis of pancreatic cyst should be considered in any 
middle-aged or elderly patient with a slowly enlarging, painless, cystic 
retroperitoneal tumor in the upper abdomen. In only 7 out of 460 
eases in Muller’s 3 * series was the cyst said to be freely movable. The 
mass felt in eases of pancreatic cyst is dull to percussion. It may be- 
come so large that its center will slip down below the umbilicus, and 
thus may seem to arise from the pelvis, as in the case reported here. 

Complications . — The complications of pancreatic cysts are hemorrhage 
into the evst, perforation into the peritoneal cavity or gastrointestinal 
tract, and malignant degeneration. There may be jaundice from pres- 
sure on tile common bile duct. Malignant cysts usually cause a slow 
death of the patient by extension and metastases. 

7 refitment. If the patient will stand surgery, operation is always 
indicated. In the ease of a benign cyslndenoma many have been cured 
bv marsupialization of the cyst. This procedure is, of course, futile in 
a malignant cvsl. which should always be excised completely if possible, 
bxcision may he difficult and dangerous, since the evst often is verv 
adherent to surrounding tissues, and also because part of the pancreas 
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have been in the remains of the pancreatic cyst. Lichtenstein 28 reported 
the autopsy of a patient dead of papillary cystadenoearcinoma of the 
pancreas and found diastase but not trypsin in the cyst contents. Ac- 
cording to Friedenwald and Cullen, 10 the contents of pancreatic cysts 
are ordinarily alkaline, with a specific gravity of 1,010 to 1,020, and 
it frequently contains one or more of the pancreatic ferments. 

The blood supply of pancreatic cysts is usually very generous. It 
is reported by Robson and Moynihan 38 that the splenic artery and vein 
may be found running either in front of or behind the tumor. The 
superior mesenteric vessels may cross the anterior aspect of the cyst. 

Symptoms . — The patient may have no symptoms except for a painless 
swelling of the abdomen, as in the case reported below. The metabolic 
and digestive functions of the pancreas are usually insufficiently dis- 
turbed to attract much attention. However, ordinarily there is a long 
history of abdominal discomfort, sometimes resembling that of a mild 
cholecystitis. There may be flatulence and anorexia, and sometimes 
jaundice. If interstitial pancreatitis accompanies the cyst formation, 
there may be emaciation; large, fatty stools; muscle fibers in the stools; 
and sugar in the urine. This usually is not the case. Pain is due to 
pressure on adjoining organs. Pressure on the stomach may cause 
nausea and vomiting. The two cases of malignant cyst in Judd’s 21 
series suffered from loss of weight; one lost ten pounds in three months, 
and the other seventeen pounds in a year. 

The most important symptom is a large, slowly growing, nontender, 
upper abdominal tumor mass. According to Oser, 34 in most cases one 
to three years elapse between the first symptoms of the disease and 
the time when the cyst is first observed. 

Diagnosis . — The diagnosis of a cyst of the pancreas is not always 
easy, and whether or not it has undergone malignant degeneration is 
usually impossible to determine without biops 3 r . Carter and Slattery 7 
remark that in cases of eystadenoma of the pancreas there arc no diag- 
nostic physical signs and no diagnostic laboratory procedures, the diag- 
nosis, if made, being by the process of exclusion of other possibilities. 
This seems to be true for all pancreatic cysts. 

Differential diagnosis of a pancreatic c.vst includes ovarian cyst; 
pedunculated fibroid; pregnancy; hydronephrosis; mesenteric, splenic, 
and omental cysts; echinococcus c.vst of the liver; hydrops of the gall 
bladder- retroperitoneal tumor; and aortic aneurysm. Ovarian c.vst, 
pedunculated fibroid, and pregnancy can usually be ruled out by pelvic 
examination. Ovarian cysts are characteristically more mobile than 
tic evsts. In ovarian cysts the hollow viscera tend to be pushed 
backward and in pancreatic cysts forward. Hydronephrosis can be 
/ \ ( " mt ] )y pyelogram. Hooper , 10 however, cited a case of eystadenoma 
1U creas in which the tumor had caused a hydronephrosis, evi- 

°/ hV pressure on the left ureter. Mesenteric and omental cysts 
tlCn - mobile Splenic cysts arise from the left side. Kchinocomis 
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mortality in 28 cases totally extirpated and 55 per cent m 9 eases 
partially extirpated. 

In Table I, 23 of the 25 cases of probable malignant pancreatic cyst 
were reported as to end result. The known mortality within seven 
years of operation was 57 per cent. Nine of the cases died within two 
months of the operation, and 4 more died within seven years. Four 
cases died unoperated upon. One ease showed recurrence two years 
after operation. Five recovered from one or more operations and 
their future courses were not reported. 

case report 

M. tV., a white, single, 40-year-old housekeeper, was first seen on Jan. 23, 1939. 
Her chief complaint was a swelling of the lower abdomen, which had gradually in- 
creased in size over the past three or four years. Her appetite had been good. There 
was no history of abdominal pain. Her bowel movements had been regular without- 
laxative. No abnormal stools had been noted. She had never been jaundiced. 
There had been, no increased urinary frequency. Her weight bad remained the same 
for several years. During the past six months her catamenia had been somewhat ir- 
regular and scant. 

Two months previously she had bad an iridectomy performed on the right eye 
for acute glaucoma. There had been an excellent convalescence from this operation. 
Two urinalyses done at that time had been reported negative. The ophthalmologist 
had noted that her abdomen contained a mass the size of a seven-month pregnancy 
and had advised her to consult an abdominal surgeon. She had had no previous op- 
erations; no history of abdominal injury could be obtained. 

Physical examination showed a thin, somewhat pale 40-year-old woman in no 
immediate distress. The lower abdomen contained a nontender protuberant mass 
the size of a cantaloupe melon, extending from the pubic symphysis to about 3% 
inches below the costal margins. The mass was firm and resistant. No fluctuation 
could be elicited. It was slightly movable laterally and on deep inspiration moved 
slightly up and down. Rectal examination showed that the abdominal mass was ap- 
parently unconnected with the cervix. The cervix seemed normal in size and position. 
The mass was then thought to be either an ovarian cyst or a pedunculated fibroid. 
Urinalysis was again negative, and she was admitted to the Baker Memorial Hospi- 
tal. The urine specimen taken immediately before operation showed, for the first 
time, a “green without sediment’’ test for sugar, using Benedict’s solution. 

The operation was performed by Dr. Charles G. Mixter. Under ether anesthesia the 
abdomen was opened through a seven-inch left paramedian incision extending from 
the pubic symphysis to a point about one and one-half inches above the umbilicus. 
J his made possible the palpation of a large cystic mass which arose from the region 
of the pancreas. The transverse colon lay flattened over the inferoanterior aspect of 
this mass, and the transverse mesocolon was pushed down by the inferoposferior 
aspect of the mass. The gastrocolic omentum Jay over the anterior aspect of the 
tumor with the stomach lying above it. The duodenum lay to the right of the base 
of the tumor. The tumor itself (Fig. 1) was the size of a large cantaloupe with 
cystic undulations and very large veins lying on its surface. An opening was 
made through the arcade of the transverse mesocolon, carried down to the wall of 
the tumor, and, although the tumor was adherent to surrounding structures, a fairly 
good line of cleavage was obtained. Another incision was made through the gastro- 
colic. omentum and a similar line of cleavage was developed. Considerable bleeding 
was encountered from the unavoidable tearing of small Wood vessels, but the entire 



74 


SURGERY 


itself may have to he removed. In Judd’s 21 series of 41 cases of pan- 
creatic cyst, the entire cyst was removed in only 5 cases. He believed 
that, if too much of the pancreas was removed, diabetes might ensue. 

Bozeman 0 is usually considered the first surgeon to have successfully 
removed a pancreatic cyst. In 1882 he published an account of remov- 
ing a cyst of the pancreas weighing 2014 pounds. This operation was 
performed under Listerism.” The cyst was reported to have had a 
pedicle only three-quarters inch in diameter. 

When complete extirpation is impossible, marsupialization, first ad- 
vocated by Gussenbauer 14 in 1S83, has become the accepted form of 
treatment of benign pancreatic cysts. This treatment, of course, func- 
tions best with unilocular cysts. Richardson, 37 in 1895, marsupialized 
a benign pancreatic cyst successfully. Marsupialization is done best by 
suturing the wall of the cyst to the parietal peritoneum. This produces 
a fistula, which may drain for months or even years. A case which was 
still draining from the fistula after fourteen years was observed by 
Kerr. 24 Wangensteen 45 feels that cystadenomas of the pancreas should 
always be excised if possible, for he believes that marsupialization fails 
to cure them and that they may be the progenitors of carcinoma. 

Gordin 13 reported a benign pancreatic cyst which he was unable to 
remove, but which he packed with gauze saturated with sodium mor- 
rhuate. He felt that the sclerosing action of the drug was helpful in 
producing a successful result. Half-strength tincture of iodine and also 
25 per cent glucose were used for the same purpose by Angel. 1 

According to Lahey and MacKinnon, 25 postoperative x-ray therapy 
is distinctly worthwhile in cases of carcinoma of the pancreas. Noth- 
ing was found in the literature concerning x-ray therapy of papillary 
cystadenocarcinoma of the pancreas. 

Mortality . — In Judd’s 21 series of 41 cases there were no immediate 
deaths from operation. The treatment was as follows : Drainage of the 
cyst cavity alone in 31 cases; enucleation of the lining membrane in 3 
cases; removal of the entire cyst in 5 cases; and no operation on the 
cyst in 2 cases. However, in this same series one patient died a little 
over a month after operation and necropsy showed carcinoma of the 
liver and pancreas. In one other case “carcinoma was found at the 
time of operation,” and the patient survived several months. Two 
other patients died within two months of operation, one of acute nephri- 
tis and another of acute hemorrhages, pancreatitis, and acute yellow 
atrophy of the liver. Schmieden and Rebelling 19 collected 12S cases of 
reatie evst which had been operated upon and found a mortality 
' ^ patients. Lazarus 2 '- states that of 131 cases marsupialized by 
Gussenbauer s technique only 7 cases died, and of 24 cases of extirpation 

^ p CC ] pi j n 927 collected eases of pancreatic cyst found a mortality 

, e o in 190 cases marsupialized, as against a 10 per cent 

of only 3 pci ecm 
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mass was enucleated and was found to arise from the body of the pancreas in about 
the mid line, approximately one and one-half inches from the head- The tumor was 
sessile and had not even a short pedicle. Enucleation of the cyst left a defect about 
tlie size of a 50-cent piece involving the midportion and inferior margin of the pan- 
creas, but leaving its superior margin intact. The defect was sutured together with 
interrupted plain catgut. The reuts iu the gastrocolic omentum and the transverse 
mesocolon were then closed with continuous chromic catgut. The circulation of the 
transverse colon was not impaired. The appendix was then removed and the wound 
closed in layers, wit hour drainage. A transfusion of 500 c.c. of citxated blood was 
given following the operation. 

Convalescence was excellent. Her temperature never rose over 100° F., and 
she was allowed up in a chair on the fourteenth day after operation. Postop- 
erative urinalyses and blood sugars showed a mild diabetes, not sufficiently severe 
to require insulin. 

The pathologic report was “papillary cystadenocareinoma of the pancreas.” The 
tumor (Fig. 1) was described as “a tense, fluctuant, thin-walled, smooth surfaced, 
purple-red and gray, slightly lobulated cyst measuring roughly 15 cm. in diameter, 
and weighing 2,050 6m. On section, dirty brown, thick fluid containing fat droplets 
is extruded. The cyst, wall is lined with a number of nodular green-brown soft 
masses which project from the surrounding pink wall into the cavity of the cyst. 
The largest cavity measures 12 cm. in diameter and there are four or five other 
cavities smaller but similar to the one described. Microscopic examination of the 
solid masses (Fig. 2) showed a well-differentiated adenocarcinoma.” 

X-rays of chest, spine, and pelvis showed no evidence of metastatic malignancy. A 
postoperative gastrointestinal series showed no evidence of obstruction or extrinsic 
masses. 

The patient was discharged home on the seventeenth postoperative day with in- 
structions as to a moderate diabetic diet. She was seen again five weeks after op- 
eration and was gaining strength and weight very well. The wound was solidly 
healed. At last visit, ten months following operation, she had gained eight pounds 
and showed no evidence of recurrent malignant disease. She was still dieting with- 
out insulin for a mild diabetes. 


SUMMARY 

1. Papillary cystadenocareinoma of the pancreas is a rare disease of 
which very few eases have been reported in detail in the literature. 

2. The relative incidence of malignant to benign pancreatic cysts 
varies in different reports, but it is probably about 9 per cent. 

3. In its early stages the symptoms of a malignant pancreatic cyst 
arc the same as those of a benign one. 

4. The chief early symptom of a benign or malignant pancreatic cyst 
is a slowly growing upper abdominal tumor, with or without digestive 
disturbances. 

a. The only adequate treatment of a malignant pancreatic cyst is 
complete excision. 

0. A detailed ease report is presented of the successful complete ex- 
tirpation of a papillary cystadenocareinoma of the pancreas. 
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Ashby 1 in which three children developed a left-sided alopecia two 
weeks after they were struck by lightning. They had a return of then- 
hair in approximately six months. 

Among the organs of special sense that have been affected by light- 
ning stroke are the ears and eyes. Silverman 2 J reported a case of uni- 
lateral deafness. The ear bled for three days after the accident, but 
the author did not state whether or not spinal fluid also came from the 
ear. Examination of the ear, when the bleeding had stopped, showed 
reddening of the tympanic membrane but no lacerations of the drum 
or canal. Slingerland 30 reported a case of conjunctivitis and internal 
strabismus which recovered without sequelae. Lea’s 23 case of conjunc- 
tivitis and paresis of the ciliary muscles improved somewhat, but the 
eyes had remained weak and irritable up to the time the ease was 
reported. Cataracts have been noted with some degree of frequency 
following lightning stroke. 4, 10 > x ~" 24> ~~~ 32 Several authors have re- 
ported good results following operation for this type of traumatic 
cataract. 

Lesions of the nervous system following lightning stroke have been 
very bizarre and varied/’- 8 ' 25 ' 20 Muscular weakness and paresthesias 
have been the most common findings. Complete paralysis, either per- 
manent or temporary, has been recorded and in each case the question 
of hysteria has arisen. The return of function has been so rapid in 
some cases that the exact location and type of the pathologic lesion 
may be under dispute. Critcliley 0 described seven pathologic findings 
in people injured by lightning or electricity: (1) local petechial hemor- 
rhages throughout the brain; (2) softening and edema of the brain; 
(3) ballooning of the myelin sheaths of the peripheral nerves and 
changes in the nerve fibers themselves; (4) fragmentation and tortu- 
osity of the axones, breaking down of the sheaths of Schwann and 
fusion of their nuclei ; (5) a change to a spiral-like appearance of the 
muscles; (6) dilation of the perivascular spaces in the brain stem and 
cord, probably due to the electrolysis; and (7) chromatolysis of the nerve 
cells of the cord and brain. These varied pathologic processes explain 
many of the unusual clinical pictures found in the literature. In some 
cases, however, it is difficult to correlate the localized areas apparently 
involved and the reported signs and symptoms. 

The nut lioix have been able to find reports in the literature of five skull 
fractures caused by lightning stroke and one ease in which a sequestrum 
was spontaneously extruded three months after the injury. Death had 
occurred practically instantaneously in all cases, except the one with 
the sequestrum, and in several there were large burns or lacerations 
associated with the cerebral injury. Schott in 25 described the first ease 
m 3S31. This patient was in profound shock when first seen and he 
died soon after this. There was present a large stellate fracture of 
Hie right parietal bone immediately underlying a laceration of the scalp. 
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DEOPLE struck by lightning have presented many unique pathologic 
changes. Burns, fractures, lacerations, cataracts, and lesions of the 
nervous system have all been reported. If a person survives the initial 
shock, the prognosis, as far as life is concerned, is good. However, many 
cases have been reported where serious sequelae followed apparent re- 
coveries from the initial injuries. 

During the years 1924 to 1933 there were 3,S49 deaths due to lightning 
reported within the Death Registration Area of the United States. 32 
The mountain and southern states had the highest death rates, over 8 
per one million deaths. The northeast and middle Atlantic states had 
the lowest rate, with 1.3 per one million deaths. Since 1934 there has 
been a relative increase over the average of 3S5 for the previous ten 
years, as follows: 1934, 442 deaths; 1935, 362 deaths; 1936, 409 deaths; 
1937, 460 deaths. 

Burns are the most common lesions due to lightning stroke and may 
be of any degree of severity. Reports of bizarre patterns have been re- 
corded, such as arborescent markings, long narrow lines, localized surface 
burns, and burns made in shapes determined by metal objects in the 
clothing or pockets. 5 - 30 Associated with the burns, large lacerations 
may be caused by the explosive force of the lightning stroke. Wehe 33 
reported a case in which the soft tissues were torn from the right 
shoulder area, thereby exposing the upper end of the humerus, the 
clavicle, and the muscles of that area. Hegner 15 reported compound 
fractures of the bones of the foot associated with considerable destruc- 
tion of the soft parts. Perhaps the most common burn is the linear 
type, which marks the path of the electricity between two points on 
the body’s surface. That part of the body which is in contact with a 
metal object at the time of injury usually suffers the greatest degree of 
trauma. In Benjamin’s 3 case the patient was driving a truck and a large 
burn on his thigh was apparently the point of contact with the ear. 
Elwell 12 reported the case of a boy who received a large burn and 
laceration of the arm in which he was carrying a metal bucket. Duns- 
ombe-Haniball 9 reported a patient who received a large burn over 
ti° n ri°ht side of the body and right shoulder where he was carrying a 


pitchfoik. ^ ^ j ia j r 0 f the head or eyebrows is singed without asso- 

Frequen y The most unusual report is that of 

cisted deep burns oi 
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1 osf -mortem exiiminution oi' the brain did not reveal any gross patho- 
logic changes. Ileffcrnan" reported a second ease of skull fracture in 
1877. Post-mortem examination revealed a diamond-shaped fracture of 
the right orbital plate and a layer of semifluid blood overlying the right 
hemisphere of the brain. No pathologic change was noted in the brain 
substance. Knaggs-’ 1 ’ described a bilateral vault fracture which ex- 
tended into the base. The cerebrospinal fluid was under increased 
pressure at the time of the post-mortem examination. The brain sur- 
face was injected and the vessels of the meninges were engorged with 
fluid blood. This was most marked in the arachnoid near the fracture. 
The brain substance was abnormally soft but not lacerated or necrotic. 

Dunscombe-ITanibalP reported two fatal cases of skull fractures 
caused by lightning. Post-mortem examination in one showed a com- 
pound depressed fracture of the skull with a normal-appearing brain. 
In the other there were multiple simple fractures Avith some softening 
of the brain. Herman 10 reported a case in Avliicli a sequestrum of the 
skull, 3 cm. in diameter, Avas spontaneously extruded three months 
after an injury by lightning. A large ulcer of the scalp had been 
present over the sequestrum and there had been accompanying signs 
of cerebral injury on that side. 

We are reporting this case because of the someAA’hat unusual type of 
trauma and because of the recovery from lesions Avhich formerly had 
resulted in death. 

CASE REPORT 


History of the Accident . — Inasmuch as the patient still has a complete amnesia 
for the details of the accident, we must depend upon circumstantial evidence and 
the history obtained from her husband. It is known that the patient was stand- 
ing against the metal sink in her kitchen, washing the lower plate of her false 
teeth, when the house was struck by a large bolt of lightning. This had apparently 
come in along the electric light Avires and grounded through the sink. The pa- 
tient was found by her husband a few minutes after the accident lying upon the 
floor unconscious. A large piece of plaster, 2 by 2 feet in size, had been knocked 
out of the Avail and the metal medicine cabinet which had been on the Avail above 
the sink ivas found lying on the floor. The electric light meter which had been 
on an inside wall was found torn from its fastenings and one connecting wall 
plug was likewise damaged. The patient arrived at the Henry Ford Hospital at 
3-40 r.sr. Sept. 9, 1939, approximately one and one-half hours after the accident. 
She Avas still unconscious and could not he aroused. 

Examination. — The most striking thing, Avhen the patient was first observed, urns 
her general appearance. She appeared to be in deep shock, and still her blood 
* ure Avas 120/80 and her pulse 72. She had no respiratory embarrassment and 
rate was 20 per minute. Her clothes were torn and burned, especially in 
f"* nt and on the right side, as shown in Fig. 1. She had a number of Icnther- 
t ie r ° ’ j j ia i r curlers scattered throughout her hair and no burns Avere present 
covere me < ]ia ; r ovcr the right parietal and mastoid areas wns singed, as 

under t iese. an j eyelashes. The right enr aa-.is almost completely torn off 

were the eye ro missing. There Avas a large irregularly charred and 

and the upper ^ s jjj n j n the right mastoid region Avhich measured 4 by 

macerated laceration o appca red to have bloAvn open, its edges being jagged 

2 cm. The mastoi > dripped briskly from the canal of the right car. 

and charred. Sanguineous spinal 
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sion while the laceration of the right mastoid area was being debrided' and su- 
tured. Very gradually she regained consciousness and about six hours after the 
accident she could answer verj r simple questions, but she remained stuporous and 
quiet. The burns were tanned by the usual method with resorcitannol jelly and 
healed rapidly. Sulfanilamide was started on the day after admission as a 
prophylactic measure against meningitis, which we felt would be a fatal compli- 
cation. In the first twenty-four hours she developed edema of the right eyelid 
which slowly disappeared during the succeeding three days. The external strabis- 
mus disappeared by the second day. The patient T s temperature remained around 
100° F. by rectum for four days and suddenly rose to 104° F. At that time she 
became more stuporous and had questionable neck rigidity. Lumbar punctures 
were done daily for six days. Cultures of the spinal fluid were negative. The 
cell count was 2,600 W.B.C. with 29 per cent polymorphonuclear cells and 71 per 
cent lymphocytes in the first specimen of spinal fluid. Chemical analysis of the 
spinal fluid showed the protein to be 260 mg. per cent and the sugar to be 122 mg. 
per cent. Sulfanilamide therapy was continued and hypertonic glucose was given 
intravenously periodically. She was placed in an oxygen tent and five small 
transfusions were given over a period of eleven days. After spinal drainage was 
started, she gradually improved. Lumbar punctures were done for six days. 
Fortunately there was no involvement of the heart or lungs. Early in her recovery 
she spoke with a high-pitched monotone and cerebration was very slow. As she 
improved and her temperature became normal she gradually regained her normal 
voice and intelligence. When she first was allowed out of bed and began to sit 
up in her room, she had an unexplained temperature of 102.8°, but it subsequently 
went to normal and remained so. 

The burns healed as rapidly as those of a similar size and degree that are 
acquired in other ways. The laceration behind the right ear, which had been 
carefully ddbrided upon admission, healed without infection and the remaining 
portion of the ear attached itself in spite of the meager blood supply. Spinal 
fluid stopped draining from the ear on the seventh day after the accident. 

At the time of discharge, thirty-four days after the injury, she was able to bo 
up and about her room. Her vision was good and her husband noted no changes 
in her personality which could be attributed to the accident. Hearing in her left 
ear was fair, but poor in the right with almost complete nerve deafness. The 
right eardrum appeared markedly scarred in the posterior quadrant. 

Discussion. — Although, at the time of debridement, it had not been 
possible to approximate the skin edges of the mastoid wound, it did 
heal normally. This experience substantiates that of Gem 13 and Slinger- 
land, 3 " who reported normal healing of wounds. Hegner , 13 Elwell , 12 
and Dunseombe-IIaniball 9 stated that burns due to lightning heal 
slowly and Critchley warned against hemorrhage and necrosis. The 
skull fracture, although not verified by x-rays, was proved clinically 
by the cerebrospinal otorrhea which lasted a week. 

As stated above, we cannot be certain how much trauma resulted 
from the lightning and how much might have resulted from the fall 
to the floor. Because of the charred blown-open appearance of the 
mastoid wound and the blown-off appearance of the ear, it seemed that 
tins part of her body had definitely been the contact point for either 
tiio entrance or exit of. the liLclitnuu^ 
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Tlie pupils were equal and regular, but the right eye deviated outward and upward. 
The entire right side of her faco and neck was covered by a first degree burn, and there 
was n second degree burn over most of the anterior chest wall. Both wrists had 
small second degree burns and were lacerated. The skin over the pubis had several 
small lacerations and a second degree burn was present. The pubic hair was 
singed. (Figs. 2, 3, and 4.) Examination of the chest and abdomen was negative 




Fi£r 4 photograph of pubis, showing burn and loss of hair, one week after accident. 

for the above-mentioned burns and lacerations. The deep tendon reflexes 
excep o enual on the two sides but somewhat diminished. No patho- 

were all present h 
locic toe signs or clonus were present. 

• tl Hospital. The evidence of shock promptly disappeared. Approxi- 

Course tn if ^ hours after the accident she began to move her extremities 

mately one and one respond to commands. She vomited on one occti- 

voluntarily, although she did l 



PLEURAL EFFUSION ASSOCIATED ’WITH OVARIAN 
FIBROMA (MEIGS’ SYNDROME) 

Franklin I. Harris, M.D., and Morton A. Meyer, M.D., 

San Francisco, Calif. 

(From the Mount Zion Hospital) 

T HE more common causes of massive pleural effusion are well known 
and easily diagnosed. Tuberculosis, pneumonia, cardiac failure, 
malignancy of the lung, and metastatic malignancy explain the great 
majority of eases of hydrothorax. That fluid in the chest may occa- 
sionally be due to a benign pelvic tumor until recently has remained un- 
recognized. In 1937 Meigs and Cass 1 reported seven cases of pleural 
effusion and ascites associated with a benign ovarian tumor (fibroma), 
in which the pleural effusion was cured by the operative removal of the 
ovarian fibroma. Rhoads and Terrell 2 also reported a similar ease, and 
in a later report by Meigs 3 in 1939 he had collected fifteen cases, all 
showing similar characteristics of pleural effusion and ascites apparently 
due to a benign ovarian tumor. Although no satisfactory explanation 
of why pleural effusion should occur in a patient with a benign ovarian 
fibroma has been offered, it, nevertheless, is now well established that it 
can and docs occur. It is of the utmost importance that internists and 
surgeons alike be made cognizant of these facts ; for otherwise the occa- 
sional patient exhibiting this syndrome may be doomed as hopeless and 
inoperable. 

The following case report, which will represent the sixteenth reported 
case in the literature, illustrates the importance of knowledge of this 
syndrome. 

CASE REPORT 

Mrs. S. S., aged 07 years, white, American, and a widow, was admitted to tlie 
Mount Kion Hospital on July 27, 1939, complaining of: (1) shortness of breath, 
(2) fatigue, (3) pain in the right chest, and (4) difficulty in lying on the right side. 

The family history was negative for tuberculosis and malignancy. The patient 
has two children living and well, aged 39 and 42 years. 

Past History . — During the past thirty years, she had enjoyed unusually good 
health and had been attended for various minor ailments at intervals by her physician 
who had kept an accurate medical record on this patient during this period of years. 
Of interest in relation to her present condition are his notes showing that the patient 
had had an uneventful menopause in 392(S. In 1933 she had a vaginal plastic op- 
ctatinn for repair of a evstocele, and the surgeon’s pelvic examination at that time 
showed no evidence of a tumor in the pelvis. 

In April, 1935, during routine general physical examination, her physician noted 
a small mass in the left fornix, apparently attached to an atrophic uterus. By 
At*gu*t, 1935, this mass had increased in sire, and felt like a growing uterine fibroid. 
X-ray treatments were given at that time to this tumor, although no symptoms 
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SUMMARY 

We have described what seems to be the first ease which recovered 
from a skull fracture with brain injury resulting from a lightning 
stroke. A prolonged cerebrospinal otorrhea ceased spontaneously, un- 
complicated by meningitis, possibly due to the prophylactic use of 
sulfanilamide. 
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HARRIS AND MEYER: OVARIAN FIBROMA (MEIGS’ SYNDROME) 

The patient returned to San Francisco in March, 1939, under the care of her oven 
physician, who reviewed the findings of the Los Angeles internist, and further noted 
that the pelvic tumor had increased considerably in size and that there was present 
ft small amount of fluid in the abdomen. At this time, there was noted a marked in- 
crease in the amount of the pleural effusion, as demonstrated by a chest film (I^g- 1) • 
The patient was now practically bedridden because of her dyspnea and increasing 
weakness, but it was thought advisable to give her an intensive course of deep x-ray 
therapy to the pelvic tumor. This was done during the early part of July, 1939, with 
no improvement in the patient’s condition, although it was thought that the pelvic 
tumor had decreased slightly in size. 



Fig. 2.— Photomicrograph of centrifuged pleurat fluid. Cellular sediment is com- 
posed of mononuclear mesothelial cells, lymphocytes, and polymorphonuclear cells with 
the acinar arrangement of the low columnar cells in the center of the field. (XIOO.) 

On admission to Mount Zion Hospital on July 27, 1939, the pelvic examination 
showed a hard, slightly movable tumor lying between the rectum and the bladder 
and occupying the entire pelvis. It could be palpated abdominally just below the 
umbilicus. The tumor seemed separate from the small, atrophic uterus, which ap- 
peared to be compressed by the overlying tumor mass. Fluoroscopy of the chest 
showed fluid in the right clicst, extending to the axilla, with displacement of the heart 
to the left. 

At consultation at this' time between the patient’s physician and the senior author 
(F. I. H.), it was suggested that there might be a relationship between the pelvic 
tumor and the pleural effusion, that this patient might represent a case of Meigs’ 
syndrome. The decision was made to aspirate the fluid from the chest and to study 
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wore being produced by it. Re-examination of the pelvis in July, 1937, still showed 
the presence of a small tumor in the left fornix, but as the patient was in good 
health no further treatment was suggested. 

In March, 1938, vaginal examination showed the tumor to have increased con- 
siderably in size. It was firm and occupied almost the entire pelvis. The tumor was 
freely movable and strongly suggested a growing, pedunculated uterine fibroid. The 
patient was in excellent health. There had been no vaginal bleeding and no other 
symptoms referable to the tumor so no treatment was advised, and the patient was 
not seen again by her physician until September, 1938. At this time. she complained 
of pains across the shoulder and some slight dyspnea on exertion, which was at- 
tributed to a beginning failure of her myocardium. 



. •• i 

'v' ; 


jrjg-. i. — Massive pleural effusion in right side of chest. 

DuriD" the next few months, she began to show evidence of increasing weak- 
ness easy fatigue, dyspnea, and loss of weight. She visited her daughter in Los 
eles who referred her to an excellent internist of that city for a complete check- 
lamination. Gastrointestinal x-rays, chest films, and electrocardiograms, as well 
UP 7l studies were made at this time. The presence of a small amount of fluid in 
as 0 , 16r c i ics t\vas noted. This fluid was aspirated and studies, including guinea 
the ngi irerc repor ted as essentially negative. The examining physician 

pig *noc > fluia in the chest, inasmuch as it was unilateral and no other 

conclude m Jicart failure were present, did not represent a failing myo- 

signs of p ro bably represented a pleural effusion as the result of a roalig- 

nanev of the lung. 
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it microscopically. If no evidence of malignancy of the lung could be found in 
the centrifuged fluid, the patient was to be subjected to a laparotomy on the tenta- 
tive diagnosis of ovarian fibroma producing the pleural effusion. 

Thoracentesis was performed on July 27, 1 9.'!!), and 3,000 c.c. of fluid aspirated 
from the right chest. This fluid on examination showed a yellowish, turbid color; 
specific gravity, 1.01S; Rivolta test, slightly positive; red blood count, SCO; white 
blood count, 710; with a differential count of lymphocytes, 77 per cent; large endo- 
thelial cells, 12 per cent; polymorphonuclear leucocj’tes, 9 per cent; monocytes, 2 
per cent. The Gram stains showed no organisms. Guinea pig inoculations were 
done and were later reported to be negative. The fluid was centrifuged and the 
sediment dehydrated and embedded in paraffin. 

G. Y, Rusk, pathologist at Mount Zion Hospital, reported that microscopic ex- 
amination of this sddiment revealed it to be composed of a mixture of large mononu- 
clear cells, lymphocytes, and a few polymorphonuclear leucocytes. The large cells 
had a distinct oval or round vesicular nucleus that contained a small nucleolus and a 
fine network of chromatin strands. There were no mitotic figures. There was one 
nest of cells which differed from the above in that it contained low columnar cells 
in a distinct acinar arrangement with the nuclei arranged in a row in the midportion 
of the cells. There were no mitoses in these cells. 



T>nihn1omc Diagnosis. — Sediment of pleural fluid composed of roesoflieJial cells, 
lymphocytes, and polymorphonuclear cells with one acinar formation of low columnar 

cells (Fig. -)• , 1939 under subarachnoid anesthesia, a midline incision 

Operation.-— & - “ ’ ’ j cavitv opened. There was noted about 200 c.c. of clear, 

was made, and the pe™ 
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That these eases may be wrongly diagnosed as growing uterine fibroids 
is emphasized by our experience with this patient. A point of differ- 
entiation which may be helpful in other future cases is the fact that 
seldom, if ever, have we seen or heard of uterine fibroids developing and 
growing after the menopause. As ovarian fibromas on pelvic examina- 
tion feel to the examining hand exactly like uterine fibroids, the pre- 
ceding statement may be of considerable help in differential diagnosis. 

SUMMARY AND CONCLUSIONS 

A case is reported of a woman 67 years of age, who had been known 
to have a growing pelvic tumor diagnosed as a uterine fibroid for four 
years. She developed massive pleural effusion in her right chest, which 
was thought to be due to a malignancy. Abdominal operation and 
removal of a large benign ovarian fibroma resulted in a complete restora- 
tion to health, with no recurrence of the pleural fluid. 

Based on the experience in this sixteenth reported case of Meigs’ syn- 
drome, it is our opinion that an ovarian fibroma producing pleural 
effusion does not respond to radiation therapy and is best treated by 
surgical extirpation. 

Differentiation must be made between uterine fibroids, metastatic 
malignancy, and ovarian fibromas in the diagnosis of this condition. 
A correct differential diagnosis may mean restoration to health of a 
patient who is doomed as hopeless. 
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grayish smooth tissue. The lobular arrangement can be distinguished on cross 
section and these lobules are demarcated by the. fine grayish strands. The paren- 
chyma has a slightly yellowish color, and fine septal-like strands of gray tissue inter- 
lace in the yellowish parenchyma. The uterus is 4.5 cm. long. The surface is nor- 
mal. On cut section the endometrial cavity is small, but the endometrium is distinct, 
the myometrium contains one large circumscribed mass 3 cm. in diameter and 
multiple small nodules ranging from 2 to 4 mm. in diameter. It has a striated ap- 
pearance. The tubes are normal. The right ovary is small, measuring 2.5 by 
1.25 by 1 cm. The surface is smooth, and on section an occasional small white scar 
is noted. Tltere are no cysts of corpora lutea. 

‘ ‘ Blocks of tissue are fixed in Zenker ’s fluid with acetic acid, and 10 per cent 
formalin. 

“Microscopic examination of the ovarian tumor shows it to be composed of 
fibroblasts arranged in bundles and fascicles (Fig. 4). In some regions the cells 
are compactly placed; whereas, in other parts they are loosely arranged. The nuclei 
are long and slender and have diffusely scattered small chromatin granules and fine 
chromatin threads. An occasional mitotic figure is present. The cells in compact 
regions are not clearly outlined. Fine collagenous fibrillae are present between the 
nuclei. In the less compact areas the nuclei are separated by fibrillae, in some places 
tightly packed, in other places loosely arranged. Small vascular channels are 
present throughout. The capsule of the tumor is composed of laminated layers of 
collagen. Connective tissue stains, particularly Mallory's phosphotungstic acid 
hematoxylin and Mallory’s acid fuchsin aniline blue, bring out the collagenous nature 
of the fibrillae of the cells of the tumor. 

“Sections of the tubes show no significant alterations. On the peritoneal surface 
there are several minute epithelial-lined cysts which are probably embryonic rem- 
nants. Sections of the other ovary show a compactly arranged cortical stroma with 
no primordial follicles. There are a few scattered corpora albicantia deep in the 
medullary portion. 

1 < Sections of the uterus show a thin irregular endometrium composed of glands 
that vary in size, shape, and location. Many are cystic; others have the ordinary 
tubular form. The stroma is compact and fibrous. Throughout the myometrium are 
islands of endometrial stroma and epithelial lined glands. There is a diffuse increase 
in interstitial fibrous tissue. The combination of the endometrial islands and in- 
creased fibrous tissue stroma produced the striated gross appearance of tiie uterus.” 

Diagnosis . — (1) Fibroma of the left ovary, (2) atrophy of the right ovary, (3) 
normal tubes, (4) adenomyosis of the uterus, single leiomyoma of the uterus, atrophy 
of the endometrium. 

COMMENTS 


Certain aspects of this case are of interest and have not been previously 
emphasized in connection with this unusual syndrome. The microscopic 
findings of the centrifuged pleural fluid (Fig. 2), showing a distinct 
nest of cells in acinar arrangement, may be of significance in relation to 
the unexplained problem of why pleural effusion occurs in these ovarian 


fibromas. 


The fact that this patient had been given a thoroug 
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to her pelvis on the assumption that the tumor was a 
fibroid would tend to show the ineffectiveness of radiation 
treatment for a benign fibroma of the ovary. 
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Fig. 1. — View* in lithotomy position. prolapse and enterocele after second opera- 
tion ; 1, anterior vaginal wall : 2, probe inserted tinder skin bridge representing re- 
mains of perineum ; s, prolapsed cervix (external os) : 4, posterior traumatic enterocele; 
5. skin opening of sinus tract. B, Condition after fifth operation: Enterocele cured. 
Prolapse of cervical stump and eversion of vagina. <7, Final result with patient strain - 
mg. (He drawn from photographs.) 



CASE OP POSTOPERATIVE PELVIC ENTEROCELE AND 
UTERINE PROLAPSE 

Robert T. Prank, M.D., and Ralph Colp, M.D., New York, N. Y. 

(From the Surgical and Gynecological Services of the Mount Sinai Hospital) 

A UNIQUE traumatic, perineal enteroeele, complicated by prolapse 
of the cervix with eversion of the vagina, developed in the course 
of treatment in a patient in whom a rectal carcinoma had been opera- 
tively removed. The condition itself is of interest because of its rarity. 
The major interest, however, centers in the final operative cure of the 
condition, because of the many anatomical defects and technical compli- 
cations which had to be overcome. 

Case Report. — Mrs. P. S., aged 52 years, gravida iv, para iii, a widow, was ad- 
mitted to the Mount Sinai Hospital, on the service of one of us (R. C.). For 
thirty-four years she had suffered from bloody stools and diarrhea. Nineteen years 
previously an appendicostomy was established for treatment of the large bowel. 
Eleven years ago the opening closed spontaneously. This was followed by intestinal 
obstruction in a postoperative ventral hernia and was relieved by operation. 

The present history shows a continuation of the bloody stools and. diarrhea. 
There was a loss of ten pounds and recently also oligomenorrhea. 

Physical examination showed a large, obese woman. The lower abdomen was 
occupied by a solid mass. Rectal examination showed an annular constriction of 
the rectum, above the sphincter ani. The heart, lungs, and kidneys appeared normal. 
Biopsy from the rectum showed an infiltrating carcinoma. 

First Operation, First Stage Lahey (R. C.) (April 15, 1936 ). — The sigmoid was 
divided between clamps. A permanent colostomy was established in the left rectus 
muscle, the end of the distal sigmoid loop implanted through a suprapubic stab 
wound. At this operation it was found that the liver and abdomen showed no signs 
of metastases. A fibroid uterus which filled the pelvis was left undisturbed. 

Second Operation, Perineal Resection (It. C.) (April 30, 1936 ). — The coccyx was 
removed. The posterior cul-de-sac was opened. A considerable portion of the 
adherent posterior vaginal wall was resected with the involved lower sigmoid, rec- 
tum and anus. The distal end of the isolated sigmoid loop was closed and buried 
in the perirectal cavity. Liberal pelvic drainage. 

The patient was seen by one of us (R.. T. F.) on May IS, 193G, because of a 
l m g e vaginal eversion behind the perineum, which was represented by a mere tissue 
bridge. She was admitted to the Gynecological Service (R. T. F.) on Jan. 10, 1937. 
Reliind the perineal skin bridge was the prolapsed and everted vagina with a hyper- 

liic cervix and below this the traumatic enteroeele. The prolapse occurred 
through the area which had previously represented the perineal body, anus, and 
retroanal tissue. (Fig. 1A.) 

Third Operation, Sigmoidectomy of Residual Sigmoid, Supravaginal Hystcrcc- 

i for Fibroids (R- C. and R. T. F.) (Jan. 15, 1937 ).— The suprapubic stoma 

tomy J t j le u pp 0r end of the remaining sigmoid was circumcised and 

"•Inch represe p-itoneal cavity was opened widely and a supravaginal hysterectomy 

freed. ,e P ^ ^ rou ltiple fibroids to the size of a three and one-half 

of a uterus, en ar e formc( l the section being high in order to preserve a 

months’ pregnancy, vas perr 

'~^~ved for publication. April 1. 
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botli sides they were freed by blunt dissection ana sutured together in the median 
line behind the vagina (Fig. 2 B). The lowermost suture was passed through the 
periosteum of the anterior surface of the sacrum (as shown m Fig. 2 C, S'). Kesicl- 
ual granulation tissue was removed and a new high “perineum” built up with 
whatever tissues could be brought together. Posteriorly a gauze dram was in- 
serted to the tip of the sacrum through the shin opening of the fistulous tract. 
(Fig. 2 A, 4.) 

Soon after operation a recurrence of the posterior bulge was noted and the 
cervical stump prolapsed one and one-lialf inches beyond the vulva. The hernia 
contained intestine, as could be ascertained by the presence of tympany and intes- 
tinal gurgle. 



Fig. 3. — Schematic saggital section of pelvis showing condition before Operation 5. 
The broken lines indicate position of right halt of the partly resected levator plate 
as viewed through peritoneum and endopelvic fascia. 

Fifth Operation, Plastic Repair of Enterocele (F. T. F.)' : (June 15, 19SS ). — A 
semilunar transverse incision was made behind the vagina. The posterior vaginal 
wall was separated, mainly by sharp dissection, from the protruding hernia. The 
peritoneal sac which now was the size of a fetal head, was dissected free from the 
dense scar anchoring it to the pelvic walls. On opening the huge sac, the posterior 
surface of the cervical stump and the base of the parametria were visualized. After 
reducing the protruding small intestine upward, the sac was tied off high up by 
a circular chromic suture, including anteriorly the posterior surface of the cervical 
stump, laterally the endopelvic fascia, and posteriorly the peritoneum and fascia 
along the posterior surface of the Douglas’ cul-de-sac. (Fig. 2 C.) The levator 

plates were again brought together below the peritoneum although the approxima- 
tion entailed greater tension than at the previous operation (Fig. ‘IB ) . Below the 
levator sling all available tissue was again approximated in the median line. A 
posterior drain was inserted through a lateral stab wound. Fig. 3 is a schematic 
sagittal section showing the condition before this operation. 
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long cervical stump. Both adnexae were removed and the cervical stump com- 
pletely peritonealized as in a typical supravaginal hysterectomy. 

The residual sigmoid loop was then completely freed, the pouch of Douglas 
opened, the sigmoid pushed into the extraperitoncal pelvic cavity, and the peri- 
toneum of Dougins’ cul-de-sac rcclosed over the bowel. With the patient now in 
lithotomy position, the sigmoid was completely removed through the reopened 
perineal incision. A long fistulous tract was excised and the cavity packed. 

As the patient had shown no signs of recurrence of the cancer in one year and 
as the prolapse incapacitated her, a reparative operation was decided upon. 



“sa/jsssEE&d^a^ u&s n s r <5shsEJ3tvtsi. 4 i.“s 

B, Levator edges unite f - rsestr ; ng su ture used for reclosing hernial sac, ends 
(Operation 5): A throucii nerlosteum of sacrum; 3 , promontory of 
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THE INDICATION FOR SPLENECTOMY IN THE ASSOCIATION 
OF ANEMIA AND SPLENOMEGALY 

Abraham 0. Wilensky, M.D., New York, N. Y. 

T HE presence of an impoverished condition of the blood is a very 
common one in clinical medicine. Under certain conditions hypo- 
chromic anemia is associated with various grades of enlargement of the 
spleen and in a certain proportion of the latter another factor becomes 
apparent which is associated with hemolytic destruction of the red blood 
cell. 

Hemolytic destruction of the red blood cell is not always due to the 
same factor nor always are the same laboratory evidences present in 
cases which apparently possess very similar clinical manifestations. 
Three groups of cases are clinically discernible based upon the reaction 
of the patient to splenectomy. 

Group 1. Cases in Which the Indication for Splenectomy Is Sharply 
Defined and in Which a Permanent Good Result (“Cure”) Can Be 
Expected . — 

Case 1. — A 37-year-old nulliparous female of German birth was admitted on 
April 14, 1939, because of a progressively increasing menorrhagia of six months’ 
duration, characterized by a gradual lengthening of the menstrual periods from three 
to fourteen days. She had not observed bleeding from any other part of her body. 
Even though the appetite was good and there was a sense of well-being, there was a 
loss of eight pounds in weight. There was no history of tuberculosis, syphilis, malaria, 
etc. 

The previous history was as follows: In September, 1938, the patient returned 
from a trip to Germany, where she had been subjected to a restricted food diet, 
because of the rationing system that prevailed. She then visited her family physician 
because she had noticed a loss of weight and an “anemia.” He called her attention 
to the jaundice which had hitherto not been observed; he was also able to feel a 
slightly enlarged spleen. Hematologic studies were made on several occasions, in- 
cluding study of the bone marrow, and showed a severe grade of hypochromic 
anemia, a reticulocytosis, and a spherocytosis; preponderating normoblasts were 
present in the bone marrow. “There is no doubt that the patient has a congenital 
hemolytic icterus” (report of Dr. Rosenthal). 

In April, 1939, her family physician again saw the patient, at which time there 
was no subjective or objective relief or subsidence of the symptomatology. 

lhe physical examination on admission revealed a 37-year-old white female, well 
nourished and not appearing acutely ill. The positive findings were as follows: 
(1) slightly icteric sclerae; conjunctivae and mucous membranes relatively pale; 
(2) systolic murmur at the apex; blood pressure, 140/90; (3) a spleen that was en- 
larged to three fingerbreadths below the left costal margin; (4) no evidence of 
lymphndenopnthy; (5) vaginal examination was essentially negative. 

lie nore all agreed that the patient had a congenital hemolytic icterus and, since 
the general condition of the patient was eminently satisfactory and she seemed to be 
in a latent stage, splenectomy seemed indicated. 


Received Tor publication, March 2.1, 1940. 
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SURGERY 


The result in regard to the enterocele was good, but a new eversion of the 
vaginal walls with prolapse of the cervical stump developed (Fig. 15). This in- 
commoded the patient greatly. The patient, who is a widow, gave her consent 
for a complete colpectomy. 

Sixth Operation, Colpectomy and Coring Out of Cervical Stump (B.T.F.)* 
(Oct. 12, 19SS ). — The cervical canal was cored out. The flat portio was denuded 
of mucosa as it was considered essential to leave as much cervical tissue as possible, 
because the closure of the peritoneal sac at the previous operation was effected 
partly with these tissues. The vaginal mucosa was removed to within one inch of 
the urethral meatus and the vaginal canal obliterated by successive layers of circular 
sutures. 

Re-examination of the patient Jan. 12, 1940, three and one-third years after 
the primary operation, shows a firm perineum without bulge, a functioning left 
abdominal colostomy, the patient symptomatically and anatomically well (Fig. 1C). 

This unusual combination of conditions necessitated six operations for complete 
re-establishment of health. Before operation the size of the fibroids had prevented 
a prolapse of cervix and vagina. Excision of the rectum produced marked weaken- 
ing of the pelvic supports and after hysterectomy, which was essential to permit 
approach for sigmoidectomy, complete prolapse of the vagina and cervical stump 
followed. The radical operation required for excision of the carcinoma necessitated 
division and partial excision of the pelvic diaphragm and thus permitted the huge 
enterocele to develop. 
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Comment . — -Hemolytic jaundice is an inherent, usually familial dis- 
ease which occurs at any age or in any sex or race and which has no 
geographic limitations. The basic pathologic change occurs in the red 
blood cells. They are different in size and shape; are smaller, thicker, 
and spherical ; and the cell assumes a biconvex appearance in contrast 
to its normal biconcave morphology. These microspherocytes are so 
typically diagnostic of this condition that the latter is referred to, at 
times, as “microspherocytosis.” The spheroeytes are as typical of this 
condition as the sickle cells are in sickle-cell anemia. The cells are 
peculiar in that they possess none of the natural ruggedness of the 
normal biconcave red blood cell and so account for the demonstrable 
fragility of the latter cell, which becomes one of the diagnostic features 
of this disease. 

No satisfactory explanation exists as to the cause and biologic mecha- 
nism of this affliction. It is known that it is more severe on successive 
transmissions and limited by the death of the more severe types. There 
are cases in which people possessing a peculiar yellow pallor are vigorous 
throughout life, but can nevertheless transmit the disease. Splenec- 
tomized individuals of this type can transmit the disease. 

The splenomegaly is a secondary change which accompanies the in- 
creased destruction of red blood cells: the latter leads to a hyper- 
active bone marrow and an increase in the erythropoietic tissue, and to 
an outpouring of reticulocytes as well as the granulopoietic elements or 
leucocytes. The increased destruction of red blood cells explains the 
higher values of serum bilirubin obtained from the splenic vein as 
compared to that from the splenic artery. When the demand upon 
the bone marrow has exceeded its normal capabilities, the bone marrow 
emits normoblasts, nucleated red blood cells, and immature white blood 
cells into the circulating blood. This may occur in the presence of 
infection and a pre-existing hemolytic icterus and is regarded as a 
“bone marrow crisis” and, clinically, as an acute phase. 

The subjective and objective symptomatology results from all of 
these factors. A number of patients enjoy good health and a normal 
life and the condition is only detected in the course of a routine exam- 
ination. Some eases present themselves to the physician because of a 
“yellow color”; others because of symptoms resulting from anemia 
or weakness, cold extremities, palpitations, menorrhagia, etc. ; or be- 
cause of the splenomegaly, there are abdominal pains and dragging 
sensations. 

In all typical eases the laboratory findings are conclusive and are 
as follows : (1) Increased fragility of the red blood cells (normally 

0.42 to 0.34 complete ; hemolytic anemia, 0.48 to 0.42) ; (2) variable 
anemia (3.0 ST. to 1.0 51.) ; (3) color index below 1; (4) a volume index 
which is normal, or slightly below normal, since the thickness of the 
red blood cells compensates for any diminution of its size; (5) leueo- 
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SURGERY 


On April S, 3939, I explored the patient under avcrtin-gas-oxygen anesthesia and 
found the following: a markedly enlarged spleen, an absence of any accessory 
splenic tissue, a normal appearing liver, an extraliepatic biliary tract which was 
normal to palpation, no fluid in the abdominal cavity, normal pelvic organs with the 
exception of an immaterial, slight, cystic condition in one ovary. Specimens of blood 
were aspirated from the splenic artery and the splenic vein for study. A rather easy 
splenectomy was done; a biopsy of the liver was taken from its left lobe and the 
abdominal wound was then closed without drainage. 

Even though the patient bore the operation very well, a transfusion of 500 c.c. 
of blood was immediately given by the citrate method. Thereafter the patient made 
an uninterrupted and uneventful recovery and was discharged from the hospital 
thirteen days after operation. 

We inquired carefully into the family history and discovered that the patient had 
one brother living in Germany who seemed to have a somewhat similar condition, for 
which, recently, he has also been operated upon. 
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Pig, 1. Hed blood cell and reticulocyte response preoperatively and postoperativcly. 

An analysis of the diagnostic hematologic work-up shown in Table I 
and Fig. 1 is as follows: (1) The correction of the hypochromic micro- 
cytic anemia to the normal; ( 2 ) diminished cell volume in the blood; 
(3) temporary persistence of microcytosis after operation; (4) normal 
platelet, counts; (5) disappearance of the reticuloeytosis after opera- 
tion- ( 6 ) the persistence but lessening of the fragility of the red blood 
cells' after operation; (7) the slight leucocytosis which was present 
ft ■ operation; ( 8 ) normal blood chemistry, bleeding and coagulation 
+• ei s - prothrombin time slightly increased; (9) a direct and indirect 
timG ’ j 3 cl . cr j 1 indicating both obstructive and nonobstruefive elc- 
van Cn , ° lphalein test indicating some liver damage; ( 10 ) a 
meuts; a iity of the bilirubin value for blood from the splenic 
relative eq 4 . disappearance of urobilinogen present before 

artery and vein; pu 

operation. 



White blood colls 


WILENSKY 


SPLENECTOMY AND ANEMIA AND SPLENOMEGALY' 


105 




102 


SlIRGKR Y 



serum; splenic vein, 3,7 units 
per 100 c.c. of serum; brom- 
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in one-half hour; urobilinogen 
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SURGERY 


cytoses; (6) reticulocytoses (may go as high as 50 per cent); (7) 
microcytoses; (8) spherocytosis (this is diagnostic) . 

Of all of these factors the outstandingly important one concerns 
the physical characteristics of the red blood cell ; that is, the sphero- 
cytosis. This does not occur in all cases of hemolytic icterus, but when 
it does occur it forms the positive indication for splenectomy. How- 
ever, in any “crisis” conservative treatment, including iron, high 
calorie diet regulation, and repeated transfusions, is temporarily indi- 
cated. The splenectomy, nevertheless, should be done only in latent 
periods and after due preparation. In successfully splenectomized 
cases the results are spectacular and show at once. The operative 
result is followed by what is, in effect, a permanent remission of the 
disease since microcytosis, sphericity, and the increased fragility of the 
red blood cells may persist. However, marrow activity is decreased, 
a rise in the hemoglobin and a rise in the red blood cell count level 
occur with a diminishing .reticulocytosis until a normal cellular level 
is obtained. 


Case 2. — In a young male patient, 17 years of age, there was a history of severe 
post-tonsillectomy hemorrhage ten years previous to the present admission followed 
at later times by severe hemorrhage after the extraction of teeth, episodes of severe 
epistaxis, and the appearance of recurrent bleeding red spots on the fingers of the 
right hand. The patient was admitted because of uncontrollable hemorrhage from 
the nose of three days’ standing. 

Except for cutaneous purpura, the physical examination was essentially negative. 
The laboratory hematologic work-up is shown in Table II. 

The hematologic diagnosis was: Thrombocytopenic purpura hemorrhagica. As 
the patient was in a chronic phase of the affliction, splenectomy was advised and 
performed. The operative findings included a somewhat enlarged spleen and a small 
accessory spleen ; both of these wore removed. 

The postoperative laboratory hematologic observations are also shown in 
Table II. 

There was no further bleeding of any kind after the splenectomy, the patient made 
an uneventful convalescence and was discharged from the hospital "well.” 

The patient has been followed since then. There has been no further tendency 
to bleed. He has gone through operations for subacute appendicitis and for the 
removal of a pilonidal cyst without any difficulty. Several times he has been re- 
admitted to the hospital for episodes of unclassifiable abdominal pain without any 
si"-ns of bleeding, from all of which there has been spontaneous and satisfactory 

recovery. 


Comment. In cases of thrombocytopenic purpura hemorrhagica of 

congenital origin and/or of long standing the demonstrable depletion 
of the platelets is the indicating sign for splenectomy. In the acute or 
ritieal periods of the disease splenectomy is ill advised and is sometimes 
followed immediately or within a relatively short time by a fatality. 

-is indicated only in t lie long-standing chronic cases and 
Splenec ■ .. , j n periods of remissions; nevertheless, it is also 

should be done it possum- i 

~j mnthod of hemostasis in critical periods of bleeding. 

unsurpassed as a mei 
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SURGERY 


Cessation of all bleeding in property selected cases is to be immediately 
expected and does occur; and, when no other supply of splenic tissue 
exists, cessation becomes permanent. The importance of looking for and 
removing all accessory splenic tissue is, therefore, paramount, and the 
unfortunate heedlessness, default, or omission of the removal of the 
latter probably accounts for all cases of failure after splenectomy done 
for this indication. 

fn such eases, of which the described case is a good example, the de- 
fect is unassociated with any other form of demonstrable pathology, 
the clinical concept of thrombocytopenic purpura hemorrhagica be- 
comes a self-contained and sufficient entity, and recovery becomes 
permanent. 


Group 2. Cases in Which- the Indication for Splenectomy Is a Symp- 
tomatic One and Is Justifiable in Order to Relieve the Tendency to 
Bleed, but in Which the Underlying Disease Is Uninfluenced by the 
Removal of the Spleen . — 


Case 3.-— A young man of Italian parentage, whose grandfather is said to have 
had similar bleeding episodes, came to the hospital with the history that from the 
age of 6 years lie had been subject to: (1) frequent epistaxis lasting several 
hours, especially in winter; (2) alarming episodes of bleeding lasting from two 
to three days following any tooth extraction; (3) very excessive ecchymo sis follow- 
ing even slight trauma; (4) overprominent abdomen, as a child causing his friends 
to call him “sparrow belly.” 

Because of these symptoms he was studied at another hospital about six months 
previously where a diagnosis of purpura hemorrhagica was made. Radiologic studies 
made at that time showed no changes in the long hones or in the skull. Except for 
this bleeding tendency the patient has had no symptoms of any hind referable to 
any part of the body, and he has continued to look relatively well up to the present 
time. 


Several months ago following trauma to the thigh an especially large subcutaneous 
hemorrhage developed and because of this and because of continuing nosebleeds 
and because he himself felt a mass in the abdomen he came to the hospital for 


treatment. 

The patient was a tall, thin,- pale, light olive complexioned man whose general 
physical examination was essentially negative. There was no enlargement of the 
lymph glands anywhere in the body. No petechiae or eccliymosis were visible and 
there was no evidence of bleeding about the gums. In both of the eyes there was a 
slight heaping-up of the conjunctiva, suggestive of a pinguicular formation. There 
was a soft systolic murmur at the apex. 

The entire left half of the abdomen was occupied by a large nontender mass 
was evidentlv a greatly enlarged spleen. The liver was palpable about onc- 
2? inch below the' costal margin. There was no ascites. 

dia°nosis of thrombocytopenic purpura I explored the patient and noted 

Urn er y, ^ PXCMS bleeding on entering the abdomen; no ascites; the spleen 
the following. ^ ^ 0 f t],e belly and a small accessory spleen about one-half 

occupied the en ,re ^ p resc nt near the fail of the pancreas. Except for some en- 
inch in diameter "a- normal. No enlargement of the abdominal lymph nodes 

largement, the liver lookeu 
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"»s I'fi-s.'til. Till' spleen mill mvc-Hiirv spleen were removed and n biopsy "ns taken 
from tile liver. S|teeimen« of blood "ere nbo t.'iken from the splenic’ nrterv and 
splenic vein. 

The patient made u very uneventful eonvaleseenee and "as discharged from the 
hospital approximately two weeks after being opernted upon. 


Comment . — The entile hematologic laboratory work-tip both before 
ttttd lifter operation is shown in Table TIL The diagnosis made before 
operation was thrombocytopenic purpura, which wc were entitled to 
malic from tin* available data. When tin 1 spleen was removed, it did 
not look typically that of a thrombocytopenic spleen, especially because 
ol its size and because of the peculiar nodules which were present 
throughout t ho spleen. The anatomical diagnosis was Gaucher’s disease 
inasmuch as typical foamy cells were found in both spleen and liver. 
When we looked at the conjunctiva there was no doubt that there was 
present a slight heaping-up of fat at the outer margin of the cornea, but 
the lesion was not very marked and T am quite sure that many normal 
individuals might show a similar slight heaping-up of fatty tissue. 

In view of the bleeding tendency and the diminished platelet count 
indicating a condition of thrombocytopenic purpura, the indication for 
splenectomy is quite well marked, and justifiably so; this is borne out by 
the subsequent history, which up to the present is marked by total dis- 
appearance of the bleeding tendency. It seems unnecessary to empha- 
size, however, how little this will influence the underlying Gaucher’s 
disease in which the thrombocytopenic purpura is an incidental symptom 
in a much more important systemic disease. 


Group 3. Cases in Which the Judication for Splenectomy Is a Doubt- 
ful One and the Outcome Unpredictable and the Operation Is Commonly 
Done in the Absence or the Unavailability of Any More Conservative 
(Medical) Form of Therapy.— 


Case 4 . — ’flic fourth patient was a young boy, 7 years of age, who came to the 
hospital during a febrile episode with a history that lie had appeared ill and lethargic 
for the prior four days. A “sore” throat was present on the day before admission. 
He had vomited several times in the past four days, the last vomitus containing 
blood There was indefinite abdominal pain, no cough, no hemoptysis, no loss of 
•eight and no history of having swallowed any chemical or foreign body. Although 
the patient appeared acutely ill, the general physical examination was essentially 
<r fve There was no rash, no eccliymosis, no petcchiae, no evidence of bleeding 
11 the gums Nevertheless, during the examination he vomited about 200 c,c. of 
from * ^ ar ] ; ptood. There was a slight diastolic blow at the apex. The 

^hd n ’ was relaxed, although there was some definite muscle defense spasm. The 

spleen 
was 


eag .j p a ]pable three fingerbreadths below the costal margin. The liver 
jn was ‘ Except for a few inconsequential nodules in the axilla the rest of 
not pa p* * negative. The patient ’ s temperature persisted for about 

The condition of the liver and 
of the hematologic work-up 


the lymphatic s) sten^ . fc eame down to normal. T: 

two weeks at ^ tiine of operation. In view 

spleen persisted g pither Banti’s disease or thrombocytopenic purpura was 
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A splenectomy was done thirty-one days after the onset of the symptoms. A 
small amount of clear fluid was found in the abdomen. The liver looked normal. 
The spleen was enlarged down to the umbilicus, and there were several small masses 
of accessory splenic tissue. The spleen and all the accessory splenic tissue were re- 
moved in one mass, and a biopsy of the liver was taken. 

During the second week after operation there was quite a temperature reaction, 
but shortly this disappeared and thereafter the patient made an uneventful recovery 
and was discharged from the hospital well. The pathologic study was made by Dr. 
J. Felsen, who reported: "Sections of the spleen show a fairly good preservation of 
normal architectural arrangement. The periarterial lymph nodules are intact. The 
sinusoids are dilated and in one slide there is a central area of hemorrhagic infarc- 
tion. Biopsy of the liver reveals linear and focal accumulations of round cells which 
are rather striking in that they occur chiefly at the periphery of the liver lobules. 
There is some cloudy swelling of the parenchyma. The picture suggests possible 
leucemia. ’ ’ 

Comment. —The fourth ease is presented because of the indefiniteness 
of the manifestations and impossibility of definitely classifying the es- 
sential lesion. It may he that the term Banti’s disease is appropriate 
from the standpoint that the modern conception of Banti’s disease is that 
of a terminal entity which results from a number of related or essentially 
differing preceding conditions. In the absence of any sharply demarcat- 
ing signs, symptoms, or laboratory facts, the indication for splenectomy 
is an empiric one and is not as well founded as under other more well- 
defined circumstances. The outcome in such cases after a successful 
splenectomy cannot be foretold and must be awaited in hopeful ex- 
pectancy. Since operation this patient has done reasonably well and 
has had no complaints, but continued observation over a long time is 
necessary before any definite opinion can be vouchsafed. 

SUMMARY AND CONCLUSIONS 

In the present state of clinical knowledge the indication for splenec- 
tomy in the clinical association of splenectomy and hypochromic anemia 
exists only under two conditions: (1) when in a person the subject of 
a hemolytic icterus spherocytes are demonstrable in the circulating 
blood; and (2) when in purpuric conditions the number of platelets in 
the peripheral blood is at a very low level. Under such conditions the 
operation is best done during a remission period, and when so done a 
good result is to be expected. 
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Monkoi: A. 3lclvi:it, 31.13., OooPKitxrow.v, X. Y. 

(I-rom the Suriiical Sir lire of (hr Mara l mtu/inr Jhismtl Hospital ) 


r T -l HE problem of locating and removing ail (he stones in the common 
<lnel at the time of operation may be a difficult one. This is particu- 
larly true it multiple stones are present near the ampulla. Detection of 
the stone usually rests on the well-known maneuvers ol‘ probing the duct, 
or palpation, or a combination of t lie two. If these procedures are felt 
to be inadequate, the duet may be injected with some radiopaque medium 
at the time of operation and x-ray films taken to visualize the presence 
of a stone or other obstruction. This latter method at best may be cum- 
bersome and time consuming, and occasionally presents difficulties in 
interpretation of the roentgenograms. 

With a view to obtaining a more satisfactory method of approaching 
this problem, an instrument has been designed which may be inserted 
into the common duet at the time of operation, enabling one to inspect 
the interior of the duet. The instrument (the general form of which is 
shown in Fig. 1) consists essentially of a right angle observation tele- 
scope, a lighting and an irrigating system. *“ Preliminary observations 
were made on the cadaver to determine the optimum size for the instru- 
ment and its possibilities for visualizing foreign bodies in the duct. 
Fig. 2 was taken through the instrument and shows a stone lying in the 
common duct (the stone inserted into the lower end of duct of a 
cadaver). 

The dimensions of the present model of the instrument are as fol- 
lows: The upright portion is 1 cm. in diameter and 45 cm. in length, 
which allows observation from a distance sufficient to avoid the danger 


of soiling the operative field. The connections for battery and water 
are placed somewhat more than 9 cm. from the eyepiece, in order to 
avoid contaminating the hands during the use of the instrument. The 


riflit angle portion, which is inserted into the duct, is about 7 cm. 
in length and 5 mm. in diameter. 

The instrument is used as follows. At operation, after careful palpa- 
tion the common duct is opened between two traction sutures in the 
usual manner. After testing the lighting and irrigating systems, the 
' (| j. t j ie j ns trument hearing the light is passed downward in the duct. 
W1 ile the tip is being introduced, the index finger may be placed over 
1 heel 0 f the instrument (the junction of the upright and horizontal 

t ic . , . , facilitate the insertion of the instrument and also 

portions) m oiciei to 

. devised by Mr. Frederick C. Wappler, of the American 

•The optical system vas “ cit y. 

Makers, In c -- .. 


Cystoscope Makers. 1940. 
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VISUALIZING INTERIOR OF COMMON DUCT 



Fig. 1. — The choledoch oscope. 



Ir. 2.— Photograph taken through the choledochoscope, showing stone lying in the 
lower end of the common duct (stone inserted Into the common duct of a cadaver). 
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to protect the liver. After (lie instrument lias been introduced, it is 
desirable to turn off the main operating room light during the period 
of observation, but. further darkening of the room is not necessary. 
It is essential, in order to obtain a clear vision, that the bile be thoroughly 
washed out by means of the irrigating system attached to the instru- 
ment, and it is desirable to maintain the flow of fluid while inspection 
is being carried out. After viewing the lower end of the duct, the 
instrument may be withdrawn and reintroduced for visualization of the 
upper portion of the duct. 

"Where the duet is greatly distorted by inflammatory processes, it 
might perhaps be difficult or even impossible to insert the instrument, 
but 1 have personally had no difficulty and have found that no larger 
opening in the duct is required than that customarily made for passing 
the usual instruments. The total time required for observation in a 
simple ease need be only a few minutes. 



Recent Advances in Surgery 


Conducted by Alfred Blalock, M.D. 


PROGRESS IN SURGERY OF THE AUTONOMIC NERVOUS 
SYSTEM IN 1938 AND 1939 

James C. White, M.D., Boston, Mass. 

(From the Neurosurgical Service of the Massachusetts General Hospital) 

TT IS of particular importance for the clinical investigator and the 
neurosurgeon engaged in problems of vascular, secretory, and visceral 
innervation to have a broad understanding of recent developments in 
neuroanatomy and neurophysiology. Such basic knowledge is essential 
for the development of successful therapeutic procedures in visceral dis- 
ease. An understanding of the anatomical arrangement of the auto- 
nomic system in the brain stem and spinal cord and of the physiologic 
effects of irritant and destructive lesions in these areas is also of con- 
siderable value in neurological diagnosis and in the avoidance of serious 
complications which may follow neurosurgical operations. It is for 
these reasons that so many contributions from the physiologic labora- 
tories are included below. 


ANATOMY AND PHYSIOLOGY 

. C ' crehral Hypothalamic Centers .— Our understanding of the func- 
tion of the higher centers in the control of the autonomic nervous system 
has been greatly extended in the last two years. This work has been 
summarized by Fulton. 1 He points out that autonomic activities are 
integrated by the central nervous system according to the principle of 
unc lona eve s. At the spinal stratum only simple vasomotor and 
exual reactions can be demonstrated. At the medullary level reflexes 
are mediated for the maintenance of a constant blood pressure and 
■\ gen supply Other complex combined reactions of the autonomic 

and voSd SP tT m ' e alS ° l0Cated at this leveI > s «eh as deglutition 
‘ ... . f' nte S r ation in tIie hypothalamus becomes very complex, 

e P 7T al COnt f 01 center of the “tonomie system (see 
activities ^or Z T * and ™ ied presentation of autonomic 

tinn, v .1 ha ™ 0ni0lls lnte gration of somatic and visceral func- 
ccoidmg to Crouch and Thompson, 2 the cortex affects the 
isceral mechanisms as a whole rather than affecting the parasvmpathctic 

IStne Sy f m fl T iSOlatcd — The active areas aZtT 
Ucd to the motor and premotor regions. The effect of stimulating 
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those areas depends Inrsoly on the physiologic st n * c of flic* omanism and 
the cortex a* tho lime of stimulation. T lie diuereiiee in species also seems 
to play an important role, the type of reaction Ivins prinlominaiitlv para- 
syrnpathetie in the doe amt sympathetic in the eat. Pinkston ami Rioelr 
have shown that eontral mechanisms for vasomotor control are localized 
in the motor and premotor areas (Brodmann's Areas -1 and 6'. Bank* 
who has studied the influence of the cortex on subcortical levels for a 
number ot years, lias given a valuable summary of this important work. 
Ilis conclusions are based on a study of the behavior of animals sur- 
viving complete removal of the cortex. Decortication brines out the in- 
hibitory action of the cortex on the lower centers and shows that, with 
the possible exception of the full display of pleasure, the expressions 
of such basic emotions as aimer, fear, and sexual excitement are effected 
by mechanisms which are suprnhnlbnr and subcortical. Although these 
experiments were conducted on animals which stand in the middle thin! 
of the mammalian phiiotrenelie scale. Bard believes that these centers 
still govern emotional reactions in man. even after the extensive eorti- 
ealization of function which has taken place in the long period of evolu- 
tion. 

Tho demonstration that the most important vegetative centers are 
situated in the diencephalon, grouped around the walls of the third 
ventricle, the anterior commissure, and the tuber einereum. Iwgan with 
the experiments of Ivarplus and Kreid! thirty years ago. It has cul- 
minated in the work of Kanson and his school in Chicago. These in- 
vestigations have been summarized by Kanson and ilngoun* and the 
entire subject discussed at a symposium by the Association for Research 
in Nervous and Mental Disease during a two-day meeting last December. 

In the proceedings of the Association’’ an effort has been made to correct 
the wide discrepancies in terminology by following a precis of anatomi- 
cal terms. This closely follows Clark s nomenclature in the English 
monograph on the hypothalamus. r Evidence obtained from stimula- 
tion of discrete areas in the hypothalamus by Kanson and Magonu® in- 
dicates clearly that the sympathetic discharge originates in the para- 
ventricular areas: there is less conclusive evidence that the more 
rcKtrally situated preoptic and supraoptic nuclei are concerned with the 
mrasvnipathetic division. The latter area in addition gives off a well- 
leh'ned tract to ihe posterior lobe of the hypophysis and is of great im- 
portance in the control of the antidiuretie hormone and thereby of renal 

secretion. 

The elusive problem of the location of tne descending autonomic fiber 
p (X . n pajtlv cleared up by MagonnA This work, performed 
trac s ijjijoratory. was carried our by placing lesions along the 

in Raxnou ^ jj or s)er-Clark stereotaxic instrument and then ob- 

brain mem ^ characteristic pressor responses normally obtained 

serving " K * . were abolished. Evidence was obtained 

on hypothalamic stnmumwu 
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that the autonomic pathway descends in both the central and tegmental 
portions of the midbrain. In the pons these fibers are more concentrated 
in the tegmental region and in the medulla they lie chiefly in the lateral 
portion of the reticular formation. This coincides with clinical observa- 
tions recorded by List and Peet , 8 who studied abnormalities in sweating 
in patients with lesions of the brain stem, and also with evidence secured 
by Foerster, Gagel, and Mahoney 9 from studies of tumors in this region. 
From the medulla the pathway enters the anterolateral column in the 
upper cervical cord. This also has been corroborated in man by Foerster, 
who observed an ipsilateral Horner's syndrome and diminished sweat 
secretion after high cervical section of the spinothalamic tract. Foerster 
also ascribes the fall in blood pressure and loss of vasoconstrictor reflexes 
after bilateral high cordotomy to interruption of this tract. According 
to Harrison, Wang, and Berry , 10 hypothalamic impulses may descend 
to the spinal cord uncrossed or may cross in the brain stem or in the 
spinal cord below the cervical segments. 

Ranson 's 6 method of selective destruction of the anterior or the lateral 
hypothalamic nuclei has shown the role of these centers in the regulation 
of body temperature. When this area of the brain is heated, heat 
elimination is increased by an acceleration in the rate of respiration, 
panting, and sweating of the footpads . 11 These results are interpreted 
as indicating that this region contains centers which are activated by 
rising temperature of the blood and that their stimulation leads to elimi- 
nation of excess heat. Of particular importance to neurosurgeons are the 
observation in animals that hyperthermia of central origin is reduced by 
the barbiturates and the suggestion that large doses of these drugs be 
given when a dangerously high fever follows operative intervention in 
these areas. Some remarkable instances of loss of temperature regulation 
associated with small circumscribed tumors in the hypothalamic area have 
been described by Davison 6 and Zimmerman . 6 Of further clinical interest 
is the microscopic study of the hypothalamic nuclei in individuals who 
have died of heatstroke. Morgan and Vonderahe 12 have observed sig- 
nificant evidence of cellular destruction in the exact areas which regulate 
temperature control. 

The effects of hypothalamic stimulation on gastrointestinal activity 
are reported by Sheehan . 6 Stimulation of the lateral nuclei is followed 
by inhibition of peristalsis and decrease of muscle tone, with reduced 
secretion of gastric juice and an increase in mucous content. There is 
also some evidence that stimulation of the supra- and preoptic ax’eas 
produces motor responses and an increased acidity of the gastric juice, 
but this has not been a consistent finding. Sheehan also points out that 
extensive destruction of the dienccplialon is followed by mucosal hemor- 
rhage and erosion in about one-third of all experiments, and that these 
complications occur much more frequently than after injury to any 
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llicsp {irons depends largely on (he physiologic stale of the organism and 
the cortex at the time of stimulation. The difference in species also seems 
to piny an important role, the type of reaction being predominantly para- 
sympathetic in the dog and sympathetic in the cat. Pinkston and Rioeh 3 
have shown that central mechanisms for vasomotor control are localized 
in the motor and premotor areas (Brodmann's Areas 4 and G). Bard, 4 
who has studied the influence of the cortex on subcortical levels for a 
number of years, has given a valuable summary of this important work. 
ITis conclusions arc based on a study of the behavior of animals sur- 
viving complete removal of the cortex. Decortication brings out the in- 
hibitory action of the cortex on tiic lower centers and shows that, with 
the possible exception of the full display of pleasure, the expressions 
of such basic emotions as anger, fear, and sexual excitement arc effected 
by mechanisms which arc supralnilbar and subcortical. Although these 
experiments were conducted on animals which stand in the middle third 
of the mammalian philogenctic scale, Bard believes that these centers 
still govern emotional reactions in man, even after the extensive corti- 
calization of function which has taken place in the long period of evolu- 
tion. 


The demonstration that the most important vegetative centers are 
situated in the dieneeplialon, grouped around the wails of the third 
ventricle, the anterior commissure, and the tuber cinereum, began with 
the experiments of Karpins and Krcidl thirty years ago. It has cul- 
minated in the work of Ranson and his school in Chicago. These in- 
vestigations have been summarized by Ranson and Magoun 3 and the 
entire subject discussed at a symposium by the Association for Research 
in Nervous and Mental Disease during a two-day meeting last December. 


In the proceedings of the Association 6 an effort has been made to correct 
the wide discrepancies in terminology by following a precis of anatomi- 
cal terms. This closely follows Clark’s nomenclature in the English 
monograph on the hypothalamus/ Evidence obtained from stimula- 
tion of discrete areas in the hypothalamus by Ranson and Magoun 5 in- 
dicates clearly that the sympathetic discharge originates in the para- 
ventricular areas; there is less conclusive evidence that the more 
•ostrallv situated preoptie and supraoptic nuclei are concerned with the 
rasvmpatlietic division. The latter area in addition gives off a well- 
defined tract to the posterior lobe of the hypophysis and is of great fm- 
ortance in the control of the antidiuretic hormone and thereby of renal 

secretion. 

e | us ive problem of the location of the descending autonomic fiber 
■ t has been partly cleared up by Magoun. 6 This work, performed 
trae s *■ laboratory, was carried out by placing lesions along the 
in Ranson jjorsley-Clark stereotaxic instrument and then ob- 

braiu stem characteristic pressor responses normally obtained 
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generation of a large part of its preganglionic axones) reacts with in- 
creased activity when the remaining efferent connections are stimnlated. 

An ingenious illustration of the increased sensitivity of visceral and 
skeletal muscle has been given by Bender . 10 Since the sympathetically 
denervated pupil dilates with adrenaline and the denervated striated 
muscles of the face contract with acetylcholine, they may be used as 
indicators for exogenous and endogenous adrenaline and acetylcholine. 
In the eat, which reacts to fear with a predominant secretion of ad- 
renaline, the denervated pupil dilates widely, whereas the denervated 
facial muscle gives but a minimum response. In the frightened monkey 
the denervated pupil does not dilate unless it is rendered additionally 
sensitive by cocaine, but the denervated facial muscles contract vigor- 
ously. These observations indicate that both parts of the autonomic 
nervous system are active in each species. The cat, however, is pre- 
dominantly sympathetic, ivhile the monkey is predominantly para- 
sympathetic in its reactions. 

Further implications of the sensitization phenomenon are seen in the 
peculiar complications which sometimes follow injury to the cranial 
nerves. Levy, Groff, and Grant 20 have investigated the pseudomotor 
responses which occur after injury to the oculomotor, facial, or hypo- 
glossal nerves. The ensuing pseudomotor reactions which occur in the 
eyelid, whiskers, or tongue can be reproduced by stimulating the 
mesencephalic root of the trigeminal nerve. An autonomic discharge 
spreads over the nerve, resulting in a slow tonic contraction of the 
denervated muscles of the eyelid, face, and tongue identical with the 
effect of acetylcholine injection into the carotid artery of animals so 
denervated. This probably explains the Mareus-Gunn phenomenon, 
in which the eyelid is raised when the patient chews, and the Heidenhain 
and Vulpian phenomena, in which the lip and tongue, respectively, 
contract when the second trigeminal division in the fh’st case and the 
chorda tympani or lingual nerves in the second case are stimulated. An- 
other peculiar autonomic disturbance, the phenomenon of “crocodile 
tears,’’ which may occur on eating after injuries to the facial nerve, is 
ascribed to aberrant regenerating fibers, so that some of the autonomic 
fibers which once entered the chorda tympani nerve in their course to the 
salivary glands become misdirected and reach the lachrymal gland (Bus- 
sin 21 ). 

The importance of the autonomic nervous system in the mechanism 
of accommodation has recently been described by Cogan . 22 His paper, 
Which covers a field to which scant attention has been paid and which 
contains a valuable bibliography, should be of great interest to the 
surgeon as well as to the ophthalmologist, because a number of patients 
complain of mild visual disturbances after cervical and upper dorsal 
sympathectomy. Cogan concludes that stimulation of the sympathetic 
fibers flattens the lens and accommodates the eye to distant objects, 
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other part of the brain. .Attention was often directed by Cushing to 
gastrointestinal complications in man aft er operations on the pituitary 
and third ventricle. 

Evidence secured from lower animals cannot always he safely trans- 
ferred to man, so A\ bite' was led to repeat the observations on stimulation 
of the hypothalamic areas in man. This can be done effectively and 
safely under local anesthesia during drainage operations on the third 
ventricle for internal hydrocephalus. The cardiovascular responses in 
live patients were quite similar to those obtained in animals. 


Chemical Mediation of Nerve Impulse s . — Evidence which lias been 
summarized in preceding reviews of this series 1 ' 0 ' 1 ' lias brought out with 
increasing weight the importance of chemical mediation in the distribu- 
tion of nerve impulses. The argument over electrical versus chemical 
propagation of the nerve impulse to visceral and skeletal musele, as well 
as across intcrncuronal synapses, has been intense. Recently Cannon 14 has 
presented evidence which seems to prove conclusively that this process is 
entirely chemical. A corollary to this phenomenon, which is of great 
practical importance in the technique of surgical procedures, is the 
sensitization to adrenaline, sympathin, and acetylcholine which follows 
nerve degeneration. After summarizing this evidence, Camion 15 lias 
formulated a Law of Denervation to the effect that, when a series of 
efferent units is destroyed, increased irritability to chemical agents de- 
velops in the isolated structure, the effect being maximal in the part 
directly denervated. Through sensitization the dose of the chemi- 
cal substance required to produce a response is less after operation than 
before. Whereas extreme sensitization results from cutting the ultimate 


adrenergic fibers (postganglionic section), a moderate sensitization de- 
velops after preganglionic section. The practical importance of this 
phenomenon is illustrated in vascular denervation of the extremities. 
Striking and long-lasting vasodilatation follows lumbar ganglioneetomy 
in which only preganglionic fibers to the sciatic nerve are cut, but after 
postganglionic section, such as occurs in injuries to peripheral nerves or 
in cervicothoracic ganglioneetomy, the initial complete relaxation of the 


vessels is soon followed by the return of a certain degree of vaso- 
constrictor tone. After injuries to the peripheral nerves this is so pro- 
nounced that it accounts in large part for the vasomotor and nutritional 
changes which may he such a distressing complication (Atlas 10 ). 

The sensitization effect necessitates a very thorough denervation of a 
area so that the secretion of sympathin at the nerve endings of 
"" . \ c/jjpaet postganglionic axones or of acetylcholine liberated in 

rem ‘ o|i on ic synapses and adrenal medulla after an incomplete pre- 
the gang . mT>a theetomy will not spread to the denervated but sensi- 
gangliomc s> , 0 ( j uce the response. Si meone 17 ’ 16 has shown that a 

tized ce s an odrenal gland or sympathetic ganglion (after de- 
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generation of a large part of its preganglionic axones) reacts with in- 
creased activity when the remaining efferent connections are stimulated. 

An ingenious illustration of the increased sensitivity of visceral and 
skeletal muscle has been given by Bender . 19 Since the sympathetically 
denervated pupil dilates with adrenaline and the denervated striated 
muscles of the face contract with acetylcholine, they may be used as 
indicators for exogenous and endogenous adrenaline and acetylcholine. 
In the cat, which reacts to fear with a predominant secretion of ad- 
renaline, the denervated pupil dilates widely, whereas the denervated 
facial muscle gives hut a minimum response. In the frightened monkey 
the denervated pupil does not dilate unless it is rendered additionally 
sensitive by cocaine, but the denervated facial muscles contract vigor- 
ously. These observations indicate that both parts of the autonomic 
nervous system are active in each species. The cat, however, is pre- 
dominantly sympathetic, while the monkey is predominant !} 7 para- 
sympathetic in its reactions. 

Further implications of the sensitization phenomenon are seen in the 
peculiar complications which sometimes follow injury to the cranial 
nerves. Lewy, Groff, and Grant 20 have investigated the pseudomotor 
responses which occur after injury to the oculomotor, facial, or hypo- 
glossal nerves. The ensuing pseudomotor reactions which occur in the 
eyelid, whiskers, or tongue can be reproduced by stimulating the 
mesencephalic root of the trigeminal nerve. An autonomic discharge 
spreads over the nerve, resulting in a slow tonic contraction of the 
denervated muscles of the eyelid, face, and tongue identical with the 
effect of acetylcholine injection into the carotid artery of animals so 
denervated. This probably explains the Mareus-Gimn phenomenon, 
in which the eyelid is raised when die patient chews, and the Heidenhain 
and Vulpian phenomena, in which the lip and tongue, respectively, 
contract when the second trigeminal division in the first case and the 
chorda tympani or lingual nerves in the second case are stimulated. An- 
other peculiar autonomic disturbance, the phenomenon of “ crocodile 
tcais, v hich maj occur on eating after injuries to the facial nerve, is 
ascribed to aberrant regenerating fibers, so that some of the autonomic 
fibers which once entered the chorda tympani nerve in their course to the 
salivary glands become misdirected and reach the lachrymal gland (Rus- 
sin 21 ). 


The importance of the autonomic nervous system in the mechanisn 
of accommodation has recently been described by Cogan 22 His paper 
which covers a field to which scant attention has been paid and whicl 
contains a valuable bibliography, should he of great interest to th, 
surgeon as well as to the ophthalmologist, because a number of patient 
complain of mild visual disturbances after cervical and upper dorsa 
sympathectomy Cogan concludes that stimulation of the sympatheti, 
fibers flattens the lens and accommodates the eye to distant objects 
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other part of the brain. Attention was often directed by Cushing to 
gastrointestinal complications in man after operations on the pituitary 
and third ventricle. 

Evidence secured from lower animals cannot always be safely trans- 
ferred to man, so 'White" was led to repent the observations on stimulation 
ol the hypothalamic areas in man. This can be done effectively and 
safely under local anesthesia during drainage operations on the third 
ventricle for internal hydrocephalus. The cardiovascular responses in 
live patients were quite similar to those obtained in animals. 


Chemical Mediation of Kerrc Impulses .- — Evidence which has been 
summarized in preceding reviews of this scries 130 " 11 has brought out with 
increasing weight the importance of chemical mediation in the distribu- 
tion of nerve impulses. The argument over electrical versus chemical 
propagation of the nerve impulse to visceral and skeletal muscle, as well 
as across intcrneuronal synapses, has been intense. Recently Cannon 14 has 
presented evidence which seems to prove conclusively that this process is 
entirely chemical. A corollary to this phenomenon, which is of great 
practical importance in the technique of surgical procedures, is the 
sensitization to adrenaline, svmpathin, and acetylcholine which follows 
nerve degeneration. After summarizing this evidence, Cannon 15 has 
formulated a Law of Denervation to the effect that, when a series of 
efferent units is destroyed, increased irritability to chemical agents de- 
velops in the isolated structure, the effect being maximal in the part 
directly denervated. Through sensitization the dose of the chemi- 
cal substance required to produce a response is less after operation than 
before. Whereas extreme sensitization results from cutting the ultimate 
adrenergic fibers (postganglionic section), a moderate sensitization de- 


velops after preganglionic section. The practical importance of this 
phenomenon is illustrated in vascular denervation of the extremities. 
Striking and long-lasting vasodilatation follows lumbar ganglionectomy 
in which only preganglionic fibers to the sciatic nerve are cut, but after 
postganglionic section, such as occurs in injuries to peripheral nerves or 
in cervicothoracic ganglionectomy, the initial complete relaxation of the 


vessels is soon followed by the return of a certain degree of vaso- 
constrictor tone. After injuries to the peripheral nerves this is so pro- 
nounced that it accounts in large part for the vasomotor and nutritional 
changes which may be such a distressing complication (Atlas 10 ). 

The sensitization effect necessitates a very thorough denervation of a 
area so that the secretion of sympathin at the nerve endings of 
° . . o . 'jj-qact postganglionic axones or of acetylcholine liberated in 

remaining gvna pses and adrenal medulla after an incomplete pre- 
the g al1 - 1 . mna t j ie ctomy will not spread to the denervated but sensi- 
gangliomc sj , 0 ( j uee the response. Simeone 17 ' 1S has shown that a 

tized ce s an lrenal gland or sympathetic ganglion (after de- 

partially denervated adiena „ 



REGENT ADVANCES IN SURGERY 


121 


patliomimetic substances which results (see above). Lewis 30 states that 
he is “prepared to accept clinical evidence for this conclusion. The pre- 
ganglionic operation has the merit not only of producing, so it would 
seem, the greater vasodilatation, but in avoiding the disfigurement of 
Horner’s syndrome.” Lewis adds that, even after this improved opera- 
tion, he can still induce attacks of Raynaud’s disease on direct exposure 
to cold and that the local abnormality remains. In another article 
Lewis 31 compares the pathologic changes in the arteries of warm-handed 
people with those in patients with Raynaud’s disease. Intimal thicken- 
ing becomes distinct in both groups with advancing age and is no greater 
in the mild cases of Raynaud ’s disease than in the normal controls. This 
fits in with Lewis’ theory of local increased sensitivity to cold. In the 
more advanced cases with trophic changes in the skin there is intimal 
hyperplasia, the arterial lumen being greatly reduced or actually oc- 
cluded by proliferative tissue and organized thrombus. Opposed to 
Lewis’ theory of an entirely local vascular fault are the findings of 
Day and Klingman. 32 They studied vasomotor reactions in a 6 14 -year- 
old girl with acrocyanosis and found that during sleep there was spon- 
taneous warming and reddening of the hands and feet. Local cooling 
of the hand during sleep did not cause vasospasm. They believe that 
their study supports the theory of a central rather than a local origin 
of this abnormal vasomotor tone. 

If the dispute over the etiology of Raynaud’s disease is still far from 
settled, the same is true concerning the best method for preganglionic 
denervation of the upper extremity. Most surgeons agree that cervico- 
thoracie (stellate) ganglionectomy no longer should be done for vascular 
disturbances, because the denervated smooth muscle of the arterioles 
becomes so sensitive to sympathomimetic compounds. Telford 33 and 
Smithwick 34 each have described a techniciue for preganglionic denerva- 
tion of the arm in which the inferior cervical, first and second thoracic 
ganglia which give rise to the post-ganglionic neurones are left undis- 
turbed, but their central connections are cut. Smithwick ’s operation 
through a posterior approach with resection of the third rib would seem 
to give a better chance to prevent regeneration of fibers from the second 
and third intercostal nerves. The ability of the sympathetic vasomotor 
fibers to regenerate is amazing. Simmons and Sheehan 33 tested Telford’s 
series of 38 ganglionectomies and 29 preganglionic sections. They found 
oridcnce of lelapse in all but 24 per cent of the preganglionic denerva- 
tions and in all but 10 per cent of the ganglionectomies. In this checkup 
Simmons and Sheehan state that they took the slightest attack of 
cyanosis to mean relapse, although the patient may not have attached 
any importance to it. They also add that the majority of patients after 
the preganglionic operation were completely satisfied with the result 
lhcrefcrc they favor the preganglionic operation, saying of it that 
clinically they [the patients] are undoubtedly better, thehands never 
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whereas t lie parasympathetic aids in focusing on objects at close range. 
The c fleet, of sympathectomy is not. sufficient to make the subject ob- 
viously myopic, but. the condition is usually delectable by optomctric 
tests. 

In addition to the articles on the special subjects which have been 
covered above, there is a vast number of papers of anatomic and physio- 
logic interest. The reader who is concerned with these fields should read 
the recent review by Ilinsey . 23 

EFFECTS OF SYMPATHECTOMY OX CIRCULATION 

The Carotid Sinus . — A useful anatomic description of the carotid 
sinus innervation, accompanied by excellent photographs, has been 
written by Tchibukmaeher . 24 The clinical importance of a hyperactive 
carotid sinus reflex in producing syncope from bradycardia and pe- 
ripheral vasodilatation, as well as its etiological role in convulsive 
seizures, has been so well described in the past that nothing new of im- 
portance has been reported. Capps and de Taka ts , 23 however, have 
reported two cases in which bilateral denervation of the sinus has been 
performed. Both of these show a significant postural hypotension, but 
no elevation of the blood pressure or heart rate as a result of removing 
these important reflex mechanisms for cardiovascular control. Roven- 
stine and Cullen 20 have described the anesthetic risks in operating upon 
patients with an abnormal sinus reflex. They state that digitalis and 
most of the volatile anesthetics in light dosage sensitize the reflex 
mechanism. To avoid anesthetic accidents, they recommend routine 
testing by local compression of the carotid bifurcation before operation. 
Atropine eliminates the vagal cardiodepressor type of reflex. If an 
abnormal reflex is produced during operation, it may be recognized by 
the accompanying circulatory changes. The most urgent and important 
emergency treatment consists of the injection of procaine at the carotid 
bifurcation. 

Vasospastic Diseases . — A monograph on the control of the blood ves- 
sels has been written by McDowall . 27 This contains information on all 
aspects of vascular physiology" and is an invaluable textbook for refer- 
ence. In the same field Kunkel, Stead, and Weiss , 28 and Grant and 
Pearson 20 have extended our understanding of vasomotor reactions in 
the limbs by comparing vascular responses in the proximal and distal 
portions of the extremity. Both sympathetic stimuli and adrenaline, as 
' - -ell known, induce vasoconstriction in the fingers and skin, but in the 
muscles of the forearm and leg the reverse is true. 

The perennial arguments concerning the etiology- and treatment of 
'Vjjg disease are still not completely settled. With the exception 
Kaynau o most investigators are agreed that preganglionic 

° f * Ifnmv is distinctly more effective than postganglionic denerva- 
sympat ie tj ie lesser degree of sensitization to sym- 

tion. A reason ioi wu* 
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pathomimetic substances which results (see above). Lewis 30 states that 
he is “prepared to accept clinical evidence for this conclusion. The pre- 
ganglionic operation has the merit not only of producing, so it would 
seem, the greater vasodilatation, but in avoiding the disfigurement of 
Horner’s syndrome.” Lewis adds that, even after this improved opera- 
tion, he can still induce attacks of Raynaud’s disease on direct exposure 
to cold and that the local abnormality remains. In another article 
Lewis 31 compares the pathologic changes in the arteries of warm-handed 
people with those in patients with Raynaud’s disease. Intimal thicken- 
ing becomes distinct in both groups with advancing age and is no greater 
in the mild cases of Raynaud’s disease than in the normal controls. This 
fits in with Lewis’ theory of local increased sensitivity to cold. In the 
more advanced cases with trophic changes in the skin there is intimal 
hyperplasia, the arterial lumen being greatly reduced or actually oc- 
cluded by proliferative tissue and organized thrombus. Opposed to 
Lewis’ theory of an entirely local vascular fault are the findings of 
Day and Klingman. 32 They studied vasomotor reactions in a fity-year- 
old girl with acrocyanosis and found that during sleep there was spon- 
taneous warming and reddening of the hands and feet. Local cooling 
of the hand during sleep did not cause vasospasm. They believe that 
their study supports the theory of a central rather than a local origin 
of this abnormal vasomotor tone. 


If the dispute over the etiology of Raynaud’s disease is still far from 
settled, the same is true concerning the best method for preganglionic 
denervation of the upper extremity. Most surgeons agree that cervico- 
thoraeic (stellate) ganglionectomy no longer should be done for vascular 
disturbances, because the denervated smooth muscle of the arterioles 
becomes so sensitive to sympathomimetic compounds. Telford 33 and 
Smithwick 34 each have described a technique for preganglionic denerva- 
tion of the arm in which the inferior cervical, first and second thoracic 
ganglia which give rise to the post-ganglionic neurones are left undis- 
turbed, but their central connections are cut. Smithwick’s operation 
through a posterior approach with resection of the third rib would seem 
to give a better chance to prevent regeneration of fibers from the second 


and third intercostal nerves. The ability of the sympathetic vasomotor 
fibers to regenerate is amazing. Simmons and Sheehan 35 tested Telford’s 


scries of 38 ganglionectomies and 29 preganglionic sections. They found 
evidence of relapse in all but 24 per cent of the preganglionic denerva- 
tions and in all but 10 per cent of the ganglionectomies. In this checkup 
Simmons and Sheehan state that they took the slightest attack of 
cyanosis to mean relapse, although the patient mav not have attached 
any importance to it. They also add that the majority of patients after 
the preganglionic operation were completely satisfied with the result, 
therefore they favor the preganglionic operation, saying of it that 
clinically they [the patients] are undoubtedly better, the hands never 
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relapsing to the severe degree which we have seen occur in some of the 
gnnglionectoinics. The absence of the Horner syndrome is also a distinct 
ad\ ant age, though many ot t lie ganglioncctomies have lost this syndrome 
aftei 1 a few years, again suggesting regeneration of nerve fibers.” 

In addition to the possibility of late relapse from regeneration, there 
are other loss valid objections to the present methods of preganglionic 
denervation of the upper extremity. Kuntz, Alexander, and Furcolo, 30 
as well as Hcinbccker and Bishop, 37 claim that there are both vasomotor 
and sudomotor fibers in the first thoracic root, so that vasoconstrictor 
impulses can still reach the brachial plexus unless the white com- 
municating ramus of this nerve is severed. All these observations were 
made on cats, and one must remember that there are wide anatomical 
species differences. Ilinsey 13 has been unable to find evidence of such 
fibers in the first thoracic root of animals, and there is certainly nothing 
to suggest their presence in the large series of postoperative cases that 
has been examined for this very point, at the Massachusetts General Hos- 
pital. ObjectioJi has been raised by Fatherree and Allen 38 to the physio- 
logic concept that sympathectomized blood vessels become abnormally 
sensitized to adrenaline and with greater intensity after postganglionic 
than after preganglionic denervation (Cannon’s Law of Denervation). 
In their experiments these investigators used such large doses of ad- 
renaline that they missed the selective effect which is produced by this 
hormone on all denervated smooth muscle and with greatest intensity 
after degeneration of the postganglionic fibers. 

A new method of dealing with thrombophlebitis has been advocated 
and received much favorable support during the past two years. In 
1934 Leriche and Kunlin 30 suggested immediate infiltration of the 
lumbar ganglia with procaine in patients with acute thrombophlebitis, 
and in a second article Lericlie 40 has recommended the resection of these 
structures in patients with painful swelling, coldness, and ulceration of 
the legs in the chronic stages. The rationale of the procedure, according 
to Leriche, depends on the relief of reflex vasospasm, which in turn is 
responsible for many of the manifestations. DeBalcey, who worked 
with Leriche, brought the method to this country and with Ochsner' 11 
has written a number of enthusiastic reports about it. They believe that 
the edema is due to anoxia from reduced circulation and the resultant 
increase in capillary permeability, and that a series of procaine injec- 
tions is usually sufficient to interrupt the vasoconstrictor reflex from the 
thrombosed veins and thereby to increase local circulation, relieve pain, 
nd promote resorption of edema fluid. By preventing the persistence 
of edema subsequent fibrosis and the development of chronic lym- 
phedema may be prevented. 

r erltidrosis. A most interesting and valuable study on sweat 

VP 1 . man ] ias been published by List and Peet. They classify 
secretion m ^ t ] iermo regulatory, emotional, gustatory (produced by 
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eating spicy food and confined to the face), spinal reflex, and drug 
origins. 42 innervation of the sweat glands is described and the regional 
loss of thermoregulatory sweating illustrated after various surgical 
and pathologic lesions of the sympathetic pathways. 43 Two other articles 
deal with sweat secretion after various drugs 44 and the peculiar dis- 
turbances which may occur in the face. 45 An article by White 46 de- 
scribes the nervous variety of sweating in the hands and feet which 
is closely related to Raynaud’s disease and the satisfactory results after 
sympathectomy. 

Hypertension.— The literature on hypertension during the century 
which has followed the observations of Bright has been reviewed in a 
provocative manner by Scott. 47 He concludes that all the evidence for 
the etiology of this condition points to the view that essential hyper- 
tension, in the light of Goldblatt’s experimental work, is of renal origin. 
The knowledge that this form of hypertension is of chemical origin and 
not due to excessive vasoconstriction at first glance does not seem favor- 
able to any neurosurgical form of intervention. Undoubtedly surgical 
treatment is still in the experimental stage, but opinion is beginning to 
crystallize that extensive interruption of vasoconstrictor impulses to the 
splanchnic bed and lower extremities is of value in suitably selected 
cases. Over three-quarters of the patients show a striking symptomatic 
improvement, regardless of whether the blood pressure falls or not, and 
the operation carries extremely little risk. Sympathectomy should be 
performed on more patients in the early stages of hypertension; it is 
useless in the severer grades, as well as in the majority of patients over 
50 years of age. It is quite obvious that, even if patients are selected 
with the utmost care, the results are not consistently good and that the 
fall in the diastolic pressure is not as great as in the systolic. The 
results of resection of the splanchnic nerves and a limited number of 
sympathetic ganglia in carefully selected cases with adequate postopera- 
tive observation have been summarized in Table I. 


Table I 


AUTHOR 

NO. CASES SIGNIFICANT 

DEDUCTION 

AlORTALITY 

FOLLOW-UP 

PERIOD 

Craig and Adson* 8 

Moore-* 0 

Sniitliwick 34 

Braden and Kalin 50 

237 52% 

22 45 % 

34 59% 

173 49% 

0 

4.0% 

0 

3.4% 

2 mo.+ 

30 mo.+ 

1-20 mo. 

« 

*Of 33 cases followed from 
blood pressure. 

2 to 5 years, 30 maintained a satisfactory reduction of 

The question has been raised by Volini and Flaxman 51 

whether de- 


nervation really produces any specific effect on blood pressure. They 
churn that the degree of symptomatic relief and reduction in blood pres- 
sure in the presence of essential hypertension is sometimes greater after 
nonspecific surgical procedures (hysterectomy, prostatectomy, chole- 
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cystectomy) than that obtained by extensive sympathectomy. But 
Page 1 - has given valid evidence that the favorable results of sym- 
pathectomy arc truly specific, pointing out that when the operation is 
performed in two stages there is only a brief fall in blood pressure after 
the first stage, but a sudden, far more striking and lasting effect which 
comes on dramatically as the nerve structures are cut during the second 
stage. Davis and Barker 03 have found that, in addition to its specific 
effect on blood pressure, splanehnicectomy may increase the value of 
potassium sulphocyanate medication. 


VISCEROMOTOR AND VISCEROSENSORY FUNCTION'S OF THE AUTONOMIC 

NERVOUS SYSTEM 


Paroxysmal Tachycardia . — The observation that long-lasting attacks 
of paroxysmal auricular tachycardia, which cannot be stopped by medi- 
cal measures and are so severe that cardiac failure threatens, may be 
stopped by chemical or surgical interruption of the cardiac accelerator 
nerves is not new, but is not as generally known as the importance of the 
condition warrants. Coleman and Bennett 54 have reviewed the literature 
and presented an interesting case report of a patient who had multiple 
daily bouts of tachycardia coupled with a diseased gall-bladder. In 
view of two previous fatalities from intractable tachycardia and de- 
compensation in similar cases, they were afraid to remove the gall 
bladder. By means of an injection of alcohol into the right stellate 
ganglion (the right seems more important than the left in reducing 
the irritability of the pacemaking mechanism) the attacks of paroxysmal 
tachycardia were stopped and cholecystectomy was performed without 
disturbance of cardiac rhythm four and one-half months thereafter. 
This was the first period in twenty years during which the patient had 
been free from her attacks. 


A somewhat similar experience has been described by Leibovici, 
Dinkin, and Wester 55 in which a young man following appendectomy 
developed a severe form of paroxysmal tachycardia. This proved re- 
sistant to medical measures, but ceased abruptly when the stellate 
ganglion was injected with procaine and did not recur. 


Angina Pectoris. — Miller 50 has published a small monograph with 
numerous line drawings which illustrate in a most useful manner the 
anatomical arrangement of the nerves to the heart. Moore , 57 who has 
so thoroughly investigated the mechanism of visceral pain, points out 
that whereas the somatic system innervates the surface of the body 
and provides a defense against external violence, the viscera are rela- 
tively insensitive to mechanical trauma but develop pain with certain 
haimes in the internal environment. As far as the heart is concerned, 
tie painful stimuli are ischemia and its products (lactic acid). 

mi -ears ago Berard, one of Leriehe’s assistants, studied the results 
lie ^ iite ^ ra j alcohol injection in the treatment of angina pectoris in 
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this country and compared the results with those obtained by other pro- 
cedures. Of the many different methods which he describes in his 
thesis , 58 preference is given to stellate ganglionectomy, as performed by 
Lericlie in Strasbourg, and to paravertebral blocking of the upper 
thoracic ganglia with alcohol. A rather similar study has been reported 
by Jessen-Aarhus 50 and preference given to the injection method. 
Flothow , 00 one of the proponents of paravertebral injection, has sub- 
mitted a number of younger patients without evidence of advanced 
coronary disease to resection of the inferior cervical and upper thoracic 
sympathetic ganglia through an anterior incision. This method is also 
being used at the Massachusetts General Hospital. It gives a higher 
percentage of relief than removal of the stellate (cervieothoraeic) 
ganglion alone or alcohol injection and also avoids the not too infrequent 
complication of alcoholic neuritis. In addition, the anterior approach 
permits the operation to be carried out with the patient lying on his 
back. Operations in the presence of coronary disease are less safely per- 
formed with the patient in the prone position, where interference with 
respiration and venous return may be dangerous factors. 

Raney 81 has advocated a new operation which involves excision of the 
posterior portion of the third, fourth, and fifth ribs in the prone posi- 
tion. He recommends dividing the lower end of the sympathetic chain 
and cutting the rami of its second to fifth ganglia, without resection of 
the ganglia themselves. Although good results are recorded in eleven 
cases, many theoretical points are open to criticism. From the 
anatomic angle it is probable that important connections will be 
missed, at least in some patients, if the fibers through the first thoracic 
ganglion are not interrupted. It is claimed that the operation is pri- 
marily on the efferent fibers to the heart and that it is preganglionic. 
Whether the first point, that the sensory mechanism is left largely 
intact, is true or not, the second is incorrect, since the thoracic cardiac 
nerves contain postganglionic fibers (Nonidez 82 ). Raney himself admits 
that according to the best available evidence the sympathetic fibers are 
coronary dilator, but he feels that somehow in coronary disease the 
mechanism may be reversed. Surgeons who have had a wide experience 
with operations on the upper thoracic sympathetic structures must 
realize their extraordinary tendency to regenerate unless wide areas are 
excised. 

Congenital Megacolon . — The safety and other advantages of proce- 
dures aimed at sympathetic denervation of the colon in children with 
Hirschsprung's disease have become so generally recognized that the 
older methods of colonic resection are falling into disrepute. Mortality 
in the latter group is formidably high and, as de Takats and Biggs 83 
point out, a progressive dilatation of the segment proximal to the re- 
section has been reported too often to be ignored. The diagnostic and 
therapeutic value of spinal anesthesia has been re-empliasizcd by Telford 
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cystectomy ) than that, obtained by extensive sympathectomy. But 
Page 51 lias given valid evidence that the favorable results of sym- 
pathectomy arc truly specific, pointing out that when the operation is 
performed in two stages there is only a brief fall in blood pressure after 
(lie first, stage, but a sudden, far more striking and lasting effect which 
comes on dramatically as the nerve structures are cut during the second 
stage. Davis and Barker 53 have found that, in addition to its specific 
effect on blood pressure, splnnclmicectomy may increase the value of 
potassium sulphoevanate medication. 


VISCEROMOTOR AND VISCEROSENSORY FUNCTIONS OF THE AUTONOMIC 

NERVOUS SYSTEM 


Paroxysmal Tachycardia . — The observation that long-lasting attacks 
of paroxysmal auricular tachycardia, which cannot be stopped by medi- 
cal measures and arc so severe that cardiac failure threatens, may be 
stopped by chemical or surgical interruption of the cardiac accelerator 
nerves is not new, but is not as generally known as the importance of the 
condition warrants. Coleman and Bennett 54 have reviewed the literature 
and presented an interesting ease report of a patient who had multiple 
daily bouts of tachycardia coupled with a diseased gall-bladder. In 
view of two previous fatalities from intractable tachycardia and de- 
compensation in similar cases, they were afraid to remove the gall 
bladder. By means of an injection of alcohol into the right stellate 
ganglion (the right seems more important than the left in reducing 
the irritability of the paeemaking mechanism) the attacks of paroxysmal 
tachycardia were stopped and cholecystectomy was performed without 
disturbance of cardiac rhythm four and one-lialf months thereafter. 
This was the first period in twenty years during which the patient had 
been free from her attacks. 


A somewhat similar experience has been described by Leibovici, 
Dinkin, and Wester 55 in which a young man following appendectomy 
developed a severe form of paroxysmal tachycardia. This proved re- 
sistant to medical measures, but ceased abruptly when the stellate 
ganglion was injected with procaine and did not recur. 

Angina Pectoris. — Miller 50 has published a small monograph with 
numerous line drawings which illustrate in a most useful manner the 
anatomical arrangement of the nerves to the heart. Moore , 57 who has 
so thoroughly investigated the mechanism of visceral pain, points out 
that whereas the somatic system innervates the surface of the body 
and provides a defense against external violence, the viscera are rela- 
. , j nse nsitive to mechanical trauma but develop pain with certain 

o- in the internal environment. As far as the heart is concerned, 
t/ painful stimuli are ischemia and its products (lactic acid). 

•ears a CT o Berard, one of Leriche’s assistants, studied the results 
^ Three f a icohol injection in the treatment of angina pectoris in 
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ing afferent pathways, but by reducing spasm of the internal sphincter. 
They report an interesting series of patients suffering from dysuria 
secondary to various forms of chronic cystitis with the predominating 
feature of vesical spasm, where resection of the superior hypogastric 
plexus was followed by uniformly good results. In a very similar series 
of eleven cases Scott and Schroeder 71 have observed striking relief in all 
but one patient. They believe that better results can be obtained if the 
upper sacral sympathetic ganglia are resected along with the superior 
hypogastric plexus, which is contrary to the opinion of Nesbit and 
McLellan. In patients in whom operation has given insufficient relief, 
Scott and Schroeder have supplemented the resection by subarachnoid 
alcohol injection. "White 72 has devised a modification of intrathecal alco- 
hol injection which blocks the lower sacral sensory roots bilaterally and 
has found that this is sufficient to relieve the pain of malignant disease in 
the bladder neck. This is a most useful method to relieve severe pain in 
the lower rectum, urethra, perineum, and external genitals, but it entails 
a considerable risk of bladder paralysis and can therefore be used with 
safety only in patients who are already on constant drainage. Corollary 
to this, Simmons 73 has pointed out that the retention of urine, which 
frequently follows perineal resection of the rectum, is brought about by 
injury to the parasympathetic fibers which run in the anterior divisions 
of the lower sacral nerves (nervi erigentes). He claims that resection 
of the superior hypogastric plexus at the time of the preliminary 
laparotomy and colostomy has been followed by a considerable diminu- 
tion in the incidence of postoperative retention of urine. This latter 
point is still open to discussion (Munro 69 ) . 

Uterine Pain . — "Whereas bladder sensation is in large part, if not al- 
together, carried in the sacral parasympathetic rami, there is no longer 
any question that the pain of idiopathic dysmenorrhea is relieved by 
presacral neurectomy. The cases must be carefully selected to exclude 
pain from the ovaries and other related structures and the dissection 
of the presacral plexus must he meticulous and complete. A good ana- 
tomical description of this plexus has been given by Labate, 74 based on 
dissection of seventy-five cadavers, which should be of considerable help 
to the surgeon who wishes to familiarize himself with this operation. 

A most instructive report on the value of presacral neurectomy in 
essential dysmenorrhea has been given by Meigs. 75 He "is the one 
surgeon who has published statistics in a seines of patients where the 
superior hypogastric plexus was resected without any other pelvic 
surgery being done to becloud the issue. Of his 20 patients, 15 had a 
successful result. There were partial successes in 2 other cases and in 
3 there were complete failures. Meigs concludes that this operation, 
vith the necessary correction of obvious pelvic abnormalities, is the 
host form of treatment for patients with true primary dysmenorrhea. 
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and Simmons.™ There is also evidence that acetylcholine is of value 
as a diagnostic test, due to its stimulant action on the parasympathetic 
outflow (de Takats® 5 ). 

As regards indications for denervation in patients with megacolon, 
Telford®® believes that operation should be performed in children who 
are not relieved by conservative medical treatment by the age of 5 or 6 
years. He thinks that bilateral resection of the lumbar chains is the 
operation of choice. Resection of the inferior mesenteric and superior 
hypogastric plexuses may be followed by regeneration, and division 
of the splanchnic fibers is of value only, when the ascending colon is 
involved. 

A monograph devoted to the subject of megacolon has been written 
by Passler® 7 from the University Clinic in Leipzig. This hook is a 
valuable contribution because of its wide review of the literature, 
theories of etiology, and review of surgical treatment. Passler points 
out that there is little to recommend in the older types of operation 
on the colon and describes the three standard types of neurosurgical 
intervention. These consist in bilateral removal of the lumbar chains, 
resection of the inferior mesenteric and superior hypogastric plexuses, 
and subphrenic splanclniicectomy combined with upper lumbar 
ganglionectomy. Each of these three procedures has given good results, 
but the second is preferable when the bladder is enlarged as well as the 
colon. Passler describes the different varieties of the condition, its medi- 
cal and surgical treatment, and the frequent association of enlargement 
of the bladder with the idiopathic congenital form of the disease. Ex- 
periences in 10 cases are reported in detail and the results of sym- 
pathectomy in 117 patients summarized from the literature. Of these, 
38 were fully relieved, 64 were improved, 12 -were not relieved, and 
3 died. 

Bladder Pain and Retention . — The problem of how large a role is 
played by the sympathetic division in bladder pain and disorders of 
micturition still remains a subject of dispute. According to the best 
experimental evidence, bladder sensation and motor power are mediated 
bv the parasympathetic fibers in the second, third, and fourth sacral 
nerves, although some contractile innervation may reach the region of 
the trigone and internal sphincter via the sympathetic fibers in the 
superior hypogastric plexus. This work has been reviewed in McLellan ’s 
monograph on The Neurogenie Bladder.™ A comparison of cystometro- 
<rrams made before and after presacral neurectomy shows that neither 
the response of the normal bladder musculature to stretch nor its sensa- 
tion is in any way altered by presacral neurectomy (Munro® 3 ). Nevcr- 
. 1 s numerous case reports continue to emanate from well-known 
V ‘ 'recording relief from both bladder retention and pain by this 
e lines According to Nesbit and McLellan, 70 it is possible that sym- 
°P eia 10 ^ r m re lieve certain forms of bladder pain, not by interrupt- 
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Phaiil om Lim h Pain and Minor Caunalgias . — One of the most puzzling 
aspects of an already difficult problem is the relation of the sympathetic 
nervous system to pain in the extremities. The work of Moore 57 has 
demonstrated conclusively that pain from the arteries of the extremities 
is transmitted over the mixed peripheral nerves and not over autonomic 
pathways. The situation in the periphery is quite different from visceral 
artery pain, where sensory axones which traverse the sympathetic trunks 
play a most important part. Notwithstanding this apparent elimina- 
tion of the sympathetic system from the role of sensory innervation of 
the limbs, a number of convincing reports have appeared in recent 
years which give evidence that certain types of pain can be relieved by 
chemical or surgical interruption of the sympathetic fibers. Whether 
this effect is secondary to an improvement in circulation or to some 
other obscure cause at present cannot be stated. Two most interesting 
papers on phantom limb and on post-traumatic pain syndromes by 
Livingston 70 - 77 have recently appeared. In each of these it is brought 
out that interruption of the reflex arc, either at the trigger point or 
proximally in the afferent path or in the paravertebral outflow of the 
sympathetic rami, will often break the vicious circle and yield satis- 
factory relief. After repeated injections of procaine, and sometimes 
even after a single block, many of these patients, who are such a problem 
to the insurance company and the physician, have been cured without 
the need of a surgical operation. 

The purpose of this review has been to summarize new work of funda- 
mental value in understanding the complex integration of the autonomic 
nervous system in man and reports of clinical cases which emphasize the 
correctness or fallacy of its surgical application. No new operative pro- 
cedures of importance have been developed in the past two years. A 
number of special monographs of considerable value have been published 
and are listed above. 0 ' 7 ’ 27 ’ S6 ’ 58 ' ° 7 ’ es In addition, Scupham, de Takats, 
and co-workers 78 have written a special article on vascular diseases which 
<hves a very complete summary of this subject. Because of language 
difficulties it has been impossible to cover the literature beyond the 
American, English, French, and German sources. Few references from 
German periodicals have been included, because they have contained 
little of value. 
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REVIEW OF THE MEETING OF THE AMERICAN 
ASSOCIATION OF OBSTETRICIANS, GYNECOLOGISTS, 
AND ABDOMINAL SURGEONS, SEPT. 26, 27, AND 28, 1940, 
EXCELSIOR SPRINGS, MO. 

Richard Paddock, M.D., St. Louis, Mo. 

(From the Department of Obstetrics and Gynecology, Washington Vniversiay 
School of Medicine) 

' I’ HE fifty-third annual meeting of the American Association of Obstetricians, 
Gynecologists, and Abdominal Surgeons was held at The Elms, Excelsior 
Springs, Mo., Sept. 26, 27, and 28, 1940. The meeting was well attended by fel- 
lows of the society and their invited guests. The entire program of sixteen papers 
was presented. 


Calvin R. Hannah, Dallas, Tex..- Home Delivery Service by Students. — An 
outline of the obstetrical curriculum at Baylor University was presented. Certain 
practical considerations of pregnancy for teaching were given; namely, the custom 
of referring to the fetus in all stages of pregnancy as “the baby” and the im- 
portance of recognizing the stages of labor, with attention to the effacement of and 
dilatation of the cervix. The course and progress of the senior students in home 
delivery work was outlined. The senior work includes training in the city and countv 
hospitals where students follow the course of labor, do rectal examinations and scrub 
up for the delivery before the home delivery. Then there is a period of time as 
econc cal man v\hon home delivery is observed and assistant work is done 
preced.ng the actual delivery. Following this period, the senior does home deliveries 
and has full equipment. Hannah presented a review of results in a large series 
of homo delivery cases. 

George W. Kosmak, Hen- York City, stated that institutional births are in- 
ereaMug in number. It is questionable if this is always ideal, since some in- 
stitutions are not always so safe. He considers home delivery an essential factor 

7JZ 7 T HCS - GramliS ° n D ' S'™. St. Louis, discussed hospital 
s or teaching students and home delivery methods. He then demonstrated 

' T ,l> ?, <C1 ' 0ry tablC riI ’ d I,arer designed by Dr. E. F. Burning and 

u.cd on the outpatient service at Washington University. Irving W. Rotter, 
1 ‘ °. - • ■ outlined Ins experience with home delivery. He stressed the im- 

> - tanee of recognition of labor. James L. Raycraft, Cleveland, Ohio, considered 
i l>a unt "or - n matter for adequate and close supervision. This lie stated is 
irupor ant for good teaching and for good results. Ward R. Seeley, Detroit urged 

Sn»L“,?T,''" lv T ■" »>«A, • «»£. 

", ike. Ho believes that a minimum amount of equipment is best for the 
sjnlmu to use. Hannah, in closing, mentioned the ease with which chloroform 
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Editorial 


Cooperative Research and Priority 

TN Sl'CH strenuous times as now confront us, it is of the greatest im- 
portancc f fiat, information valuable in the care of those in the armed 
services be made readily available. Investigators, as a group, are rightly 
slow in publishing their findings until they are sure, beyond a reason- 
able doubt, of the significance of the data they have obtained. On the 
other hand, some investigators imagine themselves impelled to hasten 
publication because they feel that if they wait until completion of their 
studies someone working in a similar field may establish priority. Pub- 
lications in the latter category have resulted too frequently in the pre- 
mature adoption of therapeutic procedures which additional evidence 
and thought proves to be worthless and at times even harmful. 

Several years ago President Conant, in a report to the Trustees of the 
Harvard Corporation, stated that it was not at all unlikely that the 
greatest advances in science in the future would come from cooperative 
research. One might, without fear of contradiction, add to this state- 
ment that all significant contributions to medicine have been in a sense 
the result of nonintegrated cooperative research. Every investigator 
utilizes, to some degree, the work of others in the conduct of his individ- 
ual research. 

Within the coming months it will become necessary, with increasing 
frequency, to obtain authoritative information in the shortest possible 
time. This, in many instances, will require the pooling of our scientific 
resources. This will be especially true in medicine, where the applica- 
tion of observations made in our laboratories of fundamental science will 


be put to the test of final clinical verification. It is of the greatest im- 
portance that in this program priority play no part and that individual 
or departmental ambitions be submerged for the greater good. 

The investigations already begun in numerous laboratories under the 
o-eneral direction of governmental agencies will demonstrate perhaps 
the fullest possible effect of cooperative effort. It will show perhaps 
that a broader fundamental knowledge of a specific subject can be ob- 
tained in a shorter period of time by cooperative effort. It may prove 
to be costly from the economic point of view, but cost in dollars will 
mean little if the information received will lead to a reduction in the 
orbidity and mortality of a host of conditions that may confront us. 
In such a program of free cooperative effort individual priority, of 
must be submerged. This, I believe, will be of little importance, 
course, -while priority in a truly fundamental problem may be 

for a e ^ K } 101l l c l be a matter of little consequence, especially at 
of impor an , routine of laboratory and clinical investigation. 

1,1 ‘ h 1 -I. S. Min, MM. 


Philadelphia, Pn. 
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Frederick H. Falls, Vincent E. Freda, and Harold H. Cohen, Chicago: A Skin 
Reaction for the Diagnosis of Pregnancy. — A difficulty in various tests for preg- 
nancy is the obtaining of a suitable antigen. Most precipitation tests for preg- 
nancy are inaccurate due to lack of a high enough percentage .of correct results. 
In looking about for a suitable antigen breast tissue was used and then colostrum. 
The techniques of injection and control were described. Drawings were presented 
to show the various reactions. The results in 265 cases of known pregnane} 
were reported. A series of known controls, including men, children, and gyne- 
cologie patients, was reported. A group of problem cases was listed as to ac- 
curacy of results. 

Lawrence M. Randall, Rochester, Minn., mentioned the common pregnancy tests 
available. In many of the tests an incidence of error may reach 20 to 25 per 
cent. This, he stated, is due to the fact that the substances that give a positive 
reaction are associated with pregnancy, but still may be present in other con- 
ditions. In any skin test the correct interpretation of the reaction depends on 
the wheal formation and one’s familiarity with it. A. J. Rongy, New York City, 
gave examples of misleading reactions in pregnancy tests. Falls, in closing, 
mentioned biologic reactions that are not 100 per cent accurate, but have stood 
the test of time and are useful. 

Quitman U. Newell, St. Louis: Transmigration of the Human Ovum. — Results 
of studies by the author were cited. Two pregnancies resulting from transmigra- 
tion of the ovum were reported in a patient who had had the right ovary and 
left tube removed. The possible explanation of the process of transmigration of 
the ovum was given. 

Fred L. Adair, Chicago, discussed external and internal transmigrations of the 
ovum. By way of proof of external transmigration, he mentioned the occur- 
rence of ectopic pregnancy on the opposite side from the ovary of recent ovula- 
tion, pregnancy in the opposite side of the bicornuate uterus and after operation 
for the removal of the opposite organs. The subject is of interest because of 
its association with the problem of fertilization. He included a consideration of 
the function of the cilia and fimbria of the tube as well as the muscular action 
of the tube and ovary. In these cases he feels that there is a synchronization of 
the activity of the organs with endocrinal activity. Joe V. Meigs, Boston, re- 
ported another case of transmigration. James L. Raycraft, Cleveland, reported 
transmigration after plastic surgery on the remaining opposite tube and ovary. 
A. J. Rongy, New York City, mentioned some points in such a case. David Had- 
den, Oakland, Calif., outlined possibilities of pregnancy following errors in sur- 
gery. George M. Shipton, Pittsfield, Mass., also gave examples of pregnancy after 
surgical procedures. 

C. O. McCormick, Indianapolis, Ind.: Effects of Obstetrical Anesthesia on 
the Newborn Infant. — Apnea is the one common ill effect of the various forms of 
modern obstetrical analgesia, except those of local infiltration. This frequently 
observed effect is perhaps largely responsible for the belief that analgesia 
routinely jeopardizes the infant. The reports of Schreiber and of Cole have done 
much to foster such an attitude of apprehension. Recent studies, particulnrly 
those of Kotz, demonstrate that the methods of relief in obstetrics of paraldehyde 
administration and the Gwathmey method have more favorable effect on the 
newborn. Comparisons of initial weight loss, recovery of birth weight, and 
temperature curve of newborn infants where various methods of analgesia had 
been used in the mother were demonstrated. Several charts were shown to il- 
lustrate the comparative results. 
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muy Iio used. The preparation on tlio lioine service is the same as in the hospital. 
One student prepares (he patient and may do the work of a nurse. Complicated 
cases are brought into the hospital. 

B. Z. Cashman and John S. Trank, Pittsburgh: Deep Cauterization of the 
Corvix— A Factor in Reducing the Mortality of Hysterectomy.— Since infection is 
an important factor in the mortality ot hysterectomy and since there is infec- 
tion in the cervix in the majority of patients requiring hysterectomy, the authors 
feel that special procedures are necessary to sterilize the cervix. The infection 
is frequently so deep-seated that usual cleansing of the vagina and cervix does not 
reach the infection. The deep cauterization lins been the most successful method 
of sterilizing the cervix and prevents future trouble with the cervical stump. 
Deep cauterization of the cervix, combined with subtotal hysterectomy, makes 
total hysterectomy for benign conditions unnecessary. The authors reviewed a 
series of consecutive hysterectomies by this method for the past six years, pre- 
senting tables of results. 


Walter T. Dannreuther, New York City, mentioned little difference in mortal- 
ity of total hysterectomy and subtotal hysterectomy if done correctly. He favors 
the supravaginal hysterectomy with retention of the cervix, unless the condition 
of the cervix is pathologic enough to require removal. He mentioned various 
methods of treatment of the cervix before operation. Virgil S. Counseller, 
Rochester, Minn., stated that good results depend on working with a method to 
which one becomes accustomed. He favors total hysterectomy because of the 
associated reconstruction of the vaginal vault. The results are better after re- 
moval of the cervix, especially in multiparas. He quoted a mortality rate of less 
than 1 per cent in benign conditions with total hysterectomy. Frank presented 
some tables and figures that were not included in the paper as read. Joe V. 
Meigs, Boston, cited several cases of carcinoma of the cervix after subtotal 
hysterectomy. He mentioned his own observations of such cases and expressed 
his favor of the total hysterectomy. A. J. Bongy, New York City, stated that 
no single method of hysterectomy is good in all cases. He described how he favors 
the peritonealization of the cervical stump and draws it up to prevent vaginal 
shortening. William H. Weir, Cleveland, stated his preference for the complete 


hysterectomy. He also mentioned a number of cases illustrating his points. 
A. D. Campbell, Montreal, Canada, presented some points important in the re- 
duction of mortality in hysterectomy. He believes it important to take blood sugar 
determinations before operation. The technique of operation should be de- 
termined by the limitations of the operator. Drainage should be established 


by an opening in the vaginal vault below the peritoneum. Total hysterectomy 
carries the lower mortality. Charming Barrett, Chicago, presented a number of 
. . ■ t ) ie technique of hysterectomy. James W. Kennedy, Philadelphia, con- 

^•dered cauterization of the cervix important before hysterectomy. He uses 
1 'm irons in his technique. He mentioned that possibly 95 per cent of all 
v! t^ectomies throughout the country are supravaginal. Mortimer W. Hyams, 
classified various degrees of cervical involvement with infection. 
New^ or^ ^ treatment differ with different degrees of cervical involvement. 
Conditions ^ ie effects of cauterization and conization differ. Ho doubts 

In deep lin ^ reached in fourth degree involvement. Cashman, in closing, 
if deep areas i ^sequent stricture is not a factor in deep cauterization if 
pointed out ^YT no further treatment of the cervix is necessary if deep 
hysterectomy is done, 
cauterization is well one. 
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Good results have been obtained by the use of these solutions in the work out- 
lined by the authors. Examples of usefulness in long labors, and in retraction 
Ting eases were given. 

H. B. Van Wyck, Toronto, Canada, considered various procedures that may 
be carried out to prevent shock in labor. E. L. Cornell, Chicago, stressed various 
factors in the prevention of shock. Janies E. Davis, Ann Arbor, Mich., advised 
that the problem of shock often was a matter of distribution of blood mass in the 
body of the patient. Pride, in closing, mentioned the quantity of the solutions 
that might be necessary to give the desired effect in acidosis and alkalosis. 

Clifford B. Lull, Philadelphia (by invitation): Pubertas Praecox Due to 
Ovarian Tumors. — The author expressed his purpose in the essay to calk attention 
to the fact that ovarian tumors are the causative factor in precocious puberty. 
He reported in this paper what he believes to be the youngest patient ever op- 
erated upon for a granulosa cell tumor of the ovary with immediate reversion to 
normal infantile tendency. The second case he reported was of a follicular cyst 
of the ovary at 20 months of age, with definite signs of puberty. This patient 
also returned to normal following operation. Photographs of the patients and 
histologic sections were shown. 

James E. Davis, Ann Arbor, Mich., mentioned the unusual fact of a presenta- 
tion of two cases in patients of early age, with unusual sex development. He 
discussed phases presented in these two cases. Davis pointed out the life periods 
of granulosa cell activity; namely, (1) to the age of puberty, With precocious 
sex development; (2) period of fertility, with 85 per cent of cases showing ab- 
normal bleeding and many with hyperfemininity; (3) postmenopausal period, 
with psychic changes and signs of sex rejuvenation. Malignancy seems to be 
present in 25 to 30 per cent of granulosa-cell tumoTS. These tumors show many 
histologic differences and various stages of development. H. M. N. Wynne, Min- 
neapolis, discussed the presentation and mentioned points in a case. Due to the 
small number of these tumors, he suggested a national register where they might 
be recorded. Joe V. Meigs, Boston, mentioned the problem as not a common 
one. He told of the difficulty, in differentiating between types. Both types have 
granulosa cells and theca cells. Precocious puberty is also associated with hypo- 
thalmus tumors, as in Albright’s syndrome with brown spots, bone cysts, and pre- 
cocious puberty. Prank E. Smith, New York City, discussed the effect of x-ray 
therapy in treatment of gTanulosn cell tumors. The results in general are bad. 
Lull, in closing, stated there was no uterine enlargement in either of these cases . 
and no brown spots on patients. 

E. L. Cornell, Chicago: Objections to Induction of Labor in Normal Pregnant 
Women. — The discussion was limited to normal pregnant women. He mentioned 
the complications that may arise from induction, and a resume of 200 consecutive 
cases in private practice was given. Particular attention was paid to the size of 
the baby in the cases, from seven days before term until thirty days after the 
date of term. The conclusion reached was that it is seldom justifiable to induce 
labor in a normal pregnant woman. 

John H. Moore, Grand Porks, N. D., illustrated cases of induction with some 
unsatisfactory results, such as excessive bleeding and delayed labor after rup- 
tured membranes. He advised against assuming responsibility of induction for 
the sake of convenience. Buford Q. Hamilton, Kansas City, Mo., cited cases of in- 
duction of labor with early rupture of the. membranes and failure of labor to 
follow soon. He stated that the hazards are too great unless a definite indication 
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Emmett D. Colvin, Atlanta, Gn., discussed tiie importance of evaluation of all 
factors where draffs were used for obstetrical analgesia. He urged that one keep 
in mind the possible influence of drugs on the uterus to produce inertia. With 
many analgesics operative delivery becomes necessary; hence the possibility of 
more birth injuries. Colvin presented a series of cases where nembutal and 
paraldehyde were used for analgesia. Ho reviewed the results in this series, 
considering success of amnesia, results with length of labors, typo of deliveries, 
apnea in infant, and behavior of infant after delivery. William Wayne Babcock, 
Philadelphia, remarked on the possibility of central nervous system changes in the 
child nfter analgesia. Ward P. Seeley, Detroit, spoke of the possible brain changes 
of a permanent nature in the newborn child. These so-called 11 devastation areas** 
in the brain may result without primary mortality. He expressed the opinion 
that initial weight loss was of little importance in this observation. Grandison D. 
Royston, St. Louis, indicated that most apnea of the newborn was the result of 
delay in delivery. Opiates do depress the respiration. He cited satisfactory 
results in the use of hyoscinc and barbiturates. Fred L. Adair, Chicago, stated 
that the bnrbiturates do depress the respiration in the newborn. Delay in estab- 
lishment of respiration is of great importance. George W. Kosmak, Hew York 
Cit 3 ', spoke in particular of some aspects of analgesia and possible effect on the 
newborn. Closing remarks by McCormick, covered the points of discussion. 


A. J. Rongy and A. B. Tamis, New York City: The Palatal Arch and the 
Pelvis; a Preliminary Report. — The authors considered the female pelvis, its shape 
and form. Does it conform to general body configuration? Do the bony cavities 
have a definite relationship characteristic of the individual? Does the forma- 
tion of the palatal arch give us a clue to the type and kind of a pelvis a woman 
may have? The paper, based on a study made of the palatal arch in 74 patients, 
was the attempt of the authors to answer the above questions. The various 
measurements of the palate were carefully made and the capacity studied. The 
kind and type of labor were accurately recorded in this series of cases. The 
changes in the oral mucosa during early pregnancy were also observed. Factors 
indicating easy or difficult labor were tabulated. 


J. C. Litzenherg, Minneapolis, Minn,, stated that everything about the pelvis is 
still unknown. One is nualde to prove any definite relationship between the 
palative arch and the pelvis. Configuration of various parts of the body depends 
on the constitutional development of the patient. Ralph E. Campbell, Madison, 
Wis., discussed the development of the skull in relation to the endocrinological 
development of the patient. 


W. T. Pride, Memphis, Team: Acidosis and Alkalosis in Gynecology and Ob- 
stetrics. Following studies of urine in cases of long labor in which evidence 

of acidosis was plain, studies of the blood CO. were made in labor. A series was 
obtained of the CO, of the blood at the end of the first, second, and third stages 
of labor Following the obtaining of accurate data by blood studies of patients in 
labor methods were considered whereby the correction of the degree of acidosis 
“ al J. a i os i s as indicated by CO. determinations might be brought out. Experi- 
° r * l studies were made on dogs to determine the strength of lactic acid sola- 
men ' , t j ie length of soda bicarbonate solution that could be given safely in- 

tion, an \fter it was determined that a 1 per cent lactic acid solution could 

traveno . . • ^ ^ 0 ^ er cel ,t soda bicarbonate solution could be used, it was then 

be used, an >» ‘ " itative deg ree just how much of either solution was neecs- 
determined to a 1 combining power of the blood to the normal range level, 
sary to alter the w, 
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distance from the ovarian surface were measured micrometrically. It was shown 
that in the early stages of follicular growth up to a diameter of 0.25 mm., there 
is a descent of the follicles from the albuginea toward the hilus and that there is 
an ascent of the larger follicles back toward the surface. This ascensus begins 
with the appearance of the theca layers. Examination of the theca layers shows 
that the growth is an eccentric one. There is a one-sided thickness of the theca 
interna toward the ovarian surface. This forms a wedge-like theca interna cone 
with a triangular cut surface which always points to the nearest part of the 
ovarian surface. This infiltrating growth plows a path for the follicle through 
the stroma and albuginea. The granulosa layer frequently adopts the shape of 
the theca cone. In all mammalian species the theca cones grow divergently to- 
ward the ovarian surface, except in the horse ovary, where the theca cones grow 
convergently toward the only free spot, the "ovulatory pit.” To demonstrate 
the theca cone which is present only in actually growing follicles, it is necessary 
to cut serial sections which are cut perpendicularly to the ovarian surface. 

Stuart B. Blakely, Binghampton, N. Y.: The Psychology of Pregnancy .—The 
author compared male and female psychology. The desire for a baby is basic in 
woman’s nature and cannot be successfully denied. Causes of the mental state 
of pregnant women, responses of the psyche to pregnancy, prominent in the early 
months, are changes in disposition, cravings or aversions, and nausea and vomit- 
ing. Included in the essay are other changes which the author deals with as 
psychic, including sexual personality, emotions of resentment and anger and 
anxieties and fears. He considered the pregnant woman’s attitude toward 
abortion, abortifacients, and abortionists. The attitude of the laity toward 
obstetrics and the obstetrician was discussed. Finally, dreams in pregnancy as 
well as the esthetics of pregnancy and mental hygiene of pregnancy were covered. 

I. W. Potter, Buffalo, N. Y., stated that physiologic changes of pregnancy 
cause a number of disturbances of pregnancy and must be considered inciting 
factors. R. T. La Vake, Minneapolis, stressed the importance of understanding 
as well as possible the psychology of pregnancy. He discussed the attitudes to- 
ward abortion and stated that he does not feel that scruples toward abortion are 
on tho wane. Blakely, in closing, considered nausea and vomiting of pregnancy 
to he Inrgely psychic. He also states that he believes induced abortions are ex- 
tremely common. 

E. Lee Dorsett, St. Louis: Reoperation Analysis of 125 Gynecologic Cases. — 
The unsatisfactory results following gynecologic operations were discussed. Some 
of these poor results were found to be due to the formation of postoperative 
adhesions that caused partial intestinal obstruction, and from which patients 
suffered almost constant pain. The author feels that some of the unsatisfactory 
results with the formation of adhesions were dne to improper time selected for 
performing an operation on certain cases of inflammatory disease; operating 
upon cases of palpingo-oophoritis in the acute stages; the rough handling of 
tissues; too conservative measures in certain cases of chronic pelvic inflam- 
matory disease; the failure to cover properly all raw surfaces following operative 
procedures; the improper use of drains; the failure to select tho proper type of 
operation to cope with the situation at hand; tho habit of using routine procedures 
and trying to make one operation fit every case. All these factors and manv 
more arc reasons why some of our unsatisfactory results follow gynecologic op- 
erations. One hundred and twenty-five cases were presented. The essayist was 
the original operator in n certain percentage of eases; the remainder had been 
operated on by other men. Some of these eases had two, three, and four 
laparotomies. 
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is present. George W. Kosmak, New York City, spoke of the number of papers 
presented for publication on the subject, “Induction of Labor." Albert W. Hol- 
man, Portland, Oro., presented a series of J,1(J3 cases of induced labor with iigures 
on fetal and maternal mortality. Herman B. Van Wyck, Toronto, Canada, con- 
tributed to the discussion on the propriety of induction of labor. A. B. Eongy, 
Now- York City, indicated his ideas on the problem of a patient's being overdue 
and stated that induction of labor was never indicated for the sake of convenience. 
George F. Pendleton, Kansas City, Mo., spoke of induction and its features of re- 
sponsibility involved. Irving W. Potter, BufTalo, N. Y., spoke of liis attitude 
toward induction. He considered the process of cfTaccmcnt of the lower uterine 
segment. Cornell, in closing, again called attention to the normal cases only in- 
cluded in his essay. 

Ralph E. Campbell, Madison, IV is.: The Repair of a Series of Complete Tears 
of the Sphincter Ani With Extension up the Posterior Vaginal Wall by the Warren 
Vaginal Plap Operation. — The author presented the steps in the vaginal flap tech- 
nique for repair of complete laceration of the pelvic floor. The operation differs 
from the original Warren technique. Success of the operation depends on good 
blood supply, careful pre- and postoperative treatment, and not too much tension 
on suture lines. The operative technique was illustrated by lantern slides. Par- 
ticular attention was given to preparation of the vaginal hap, the repair of 
vaginal wall above the flap, the closure of the levators, the closure of the sphincter 
and anal mucosa, and the skin closure. The method of removal of the remainder 
of the flap was described. Postoperative treatment was outlined. A series of 39 
cases was presented with 95 per cent satisfactory results in 37 out of 39 cases. 


Wm. F. Mengert, Iowa City, la., pointed out the advantage of the flap opera- 
tion in eliminating raw areas in the rectal wall. He also considered the results 
with mobilizing and drawing down the rectal wall to eliminate Taw' areas in the 
rectal wall. He reviewed the results in eleven cases treated in this manner. 
Pred L. Adair, Chicago, spoke of the results as presented being mostly in older 
women. He stated that the best time to make such repairs is at the time of 
delivery. Channing W. Barrett, Chicago, noted that complete lacerations should 
be repaired at delivery. He also stated that in most cases the rectal wall could 
be mobilized and brought down. 


James R. McCord, Atlanta, Ga.: President’s Address. — McCord spoke on a 
subject to which he has always devoted much time and thought, that of maternal 
mortalit}' in the Southern states. He showed the high maternal mortality both in 
white and negro women. A series of 97 maternal deaths in colored obstetrical 
patients was presented. By careful analysis he divided the scries into those 
that were preventable and those nonprevonfable. Of the preventable deaths 
he listed those in which the possibility of prevention rested with the patient 
and those in which the physician was at fault. He also listed the deaths in the 
series from nonobstetrie causes. It was well shown by him that negro women in 
the South are bad obstetric risks. Closely related to the problem of maternal 
... is j-hg economic situation in the South. The speaker gave a most en- 
"•''kt'ning resume of the economic situation in the Southern states. 


0 Strassmann, Houston, Texas: The Theca Cone and Its Tropism To- 
Erwin surface, a Typical Feature of Human and Mammalian Follicles, 

ward the foundation Prize. — This paper is a summary of microscopic 

Thesis Atvar _ ^ 1039. The findings presented nre based on 18,000 

research done from • - - - •• - • • ' 


0 f ovaries m 

and ungulates. 


four mammalian orders: 


microscopic >pj ic diameter of human growing 

rodentia 


primates, carnivora, 
follicles and their 
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Herbert E. Schmitz, Chicago, in discussing the cases, presented the picture of 
nationalities in Chicago. He compared the incidence of carcinoma in the various 
nationalities and races found there. He also included in his discussion a con- 
sideration of the effect of radiation on vaginal tract bacteriology. 

C. O. McCormick, Indianapolis, Ind., presented motion pictures of The IJse 
of Rectal Ether Anesthesia. 


THE TWENTY-THIRD ANNUAL MEETING OF THE AMERICAN 
BRONCHO-ESOPHAGOLOGICAL ASSOCIATION 
Paul Holinger, M.D., Chicago, III. 

T HE twenty-third annual Meeting of the American Broncho-Esophagologieal As- 
sociation was held June 5, 1940, at the Waldorf-Astoria Hotel, New York City. 
Lyman Richards, Boston, presided. 

In his presidential address Richards traced the development of broncho-esopli- 
agology, and the relation of this development to the training of new men in the 
specialty. He stressed the importance of the mastery of technique of peroral 
endoscopy which was first developed by otolaryngologists who devoted only a portion 
of their time to endoscopy. However, the necessity of constant practice and the 
advantage in experience gained through specialization in this work have led him to 
believe that in the future more men will devote their entire time to this field. Op- 
posed to this, mention was made of the high degree of skepticism which still exists in 
the minds of certain internists and surgeons, in spite of the tremendous increase 
in both the diagnostic and therapeutic phases of broncho-esophagology. On the 
other hand, Richards justified the position of other internists and surgeons who have 
invaded the field of peroral endoscopy because of their intimate knowledge of prob- 
lems dealing with thoracic pathology. 

Now instruments were presented by the following members of the association: 
Simon Jesberg, Los Angeles, presented a series of esophagoscopes which com- 
bined the sled type tip of the Haslinger esophagoscope with distal lighting. He 
also presented miniature 3 and 4 mm. infant bronchoscopes as well as a protect- 
ing mask and interchangeable lenses for glasses which can be used in endoscopic 
work. 

Sam Roberts, Kansas City, Mo., presented a bronchoscopic biopsy forceps 
similar to laryngeal cup forceps, lengthened for bronchoscopic use. 

Arthur Renta, Schenectady, N. Y., presented a pair of electrically heated 
glasses to be used in endoscopic work. The heating coil of wire, fused into the 
glass, prevents the lens from fogging. 

Several case reports were presented: 

Ernest M. Seydell, "Wichita, Kau., demonstrated roentgen films of a 14-month- 
old infant who had had symptoms of an esophageal foreign body. The roent- 
gen films showed a disklike object, which, on anteroposterior projection, appeared 
to be located in the cervical esophagus. Negative csophngoseopic examination 
led to further studios and tlic disk was proved to bo a center of ossification of 
the sternum. The presentation was discussed by T. E. Carmody, Denver, L. H. 
Clerf, Philadelphia, C. E. Pitkin, Cleveland, and others who reported having hat! 
similar experiences. 


Received tor publication, November 2C, 1S40. 
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P. Smead, Toledo, Ohio, stated (lie unsatisfactory situation of having to op- 
eiatc on a patient a second time. Ho stressed the careful selection of patients 
tor operation, the careful handling of the parts, the production of no raw sur- 
iaces. In removing the appendix one should he particularly careful. Following 
gynecologic surgery endometriosis is frequently the cause of reoperation. 
William H. Vogt, St. Louis, considered the matter of preoperative preparation. 
With the use of more local anesthesia, more careful handling of the tissues re- 
sults. Adam P. Leighton, Portland, Me., reported some experiences of operative 
results in postoperative cases. George W. Kosmak, New York City, advised the 
more extensive use of the transverse abdominal incision, as well as the reduction 
of traction to a minimum. Dorsett, in closing, mentioned the part played by 
endometriosis in reoperation of cases. He also spoke of the importance of wound- 
closure methods as a part of important operative procedures. 


David Hadden, Oakland, Calif.: Clinical Experience With Testicular Extracts 
in Obstetrics and Gynecology. — The essayist stated that our present knowledge 
justifies a report upon the use of an extract, the mention of which, a few years 
ago, would have subjected one to criticism. This report was also a word of ap- 
preciation of one, who, the author states, would have gone far in endocrinology 
if his life had been spared. The anatomical and physiological reasons that seemed 
to justify the preparation and the use of such an extract in gynecology were 
briefly given. The factors that led to its experimental use in the vomiting of 
pregnane}' and the satisfactory results are considered. Its wider application in 
such conditions as menorrhagia and acne came as a result of failure with more 
supposedly orthodox preparations. The author described the preparation of the 
extract as devised by Moore and Archibald. 


W. A. Coventry, Duluth, Minn.: Actinomycosis of the Ovary. — The author 
reported one case of actinomycosis of the ovary with case history, operative 
findings, surgical pathology, and subsequent course of the patient to date. He 
reviewed the cases of actinomycosis in Duluth hospitals. There were three cases 
in one hospital and four in another. Of the seven cases, three involved the 
glands of the neck. In three cases the patients are still living. Three cases in- 
volved the intestinal tract; all are dead. The one case of actinomycosis of the 
ovary is still living. In the literature there are less than 100 cases reported. The 
author gave a brief review of the literature. A great question in the cases in 
general is the primary source of infection. 


Frederick H. Falls, Chicago, showed the predominance of right-sided involve- 
ment in actinomycosis of the ovary. This may extend to the opposite side after 
the first operation. He described the type of growth of the organism. He also 
considered recurrent cases after operation and reported his recent experiences in 
such a case. Lewis F. Smead, Toledo, Ohio, reported hi s experience in a recent 
case George F. Pendleton, Kansas City, Mo., brought up questions concerning 

the subject. 


Frank R Smith, New York City: Nativity and Carcinoma of the Cervix. — 

nm-orpd a statistical study of the nationality incidence of cervix car- 
This paper coveicu «■ f „ , 

at Memorial Hospital. The patients with carcinoma of the cervix were 

cinoma nationality with the patients presenting other types of lesions and 

compare ^ ec tion of the gynecologic clinic. A discussion of the reasons for tlio 
with a cross . although these reasons are theoretical rather than statis- 

findings was incluueu, . 

tically proved. 
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Gordon Berry, Worcester, Mass., and C. A. Heatly, Rochester, N. Y. Other cases 
of surgical relief of cardiospasm were presented by the discussors who all stressed 
the ex-liaustion of conservative methods of relief before resorting to surgery. 
Uniformly good results were reported with the use of the method described by 
Heatly. Unsuccessful results followed other surgical measures. 

Millard F. Arbuckle, St. Louis: Bronchoscopic Treatment of Lung Abscess. — 
Reference was made to the published opinions of numerous thoracic surgeons re- 
garding their methods of treatment of patients with lung abscesses. Arbuckle 
stated that the importance of bronchoscopy was seldom stressed. He pointed 
out that the role of bronchoscopy in the treatment of lung abscess was in estab- 
lishing endobronchial drainage through removal of granulation tissue which is 
often found between the main bronchus and the abscess, and directing an aspirator 
to aspirate the contents of the abscess itself. Of 43 cases in Arbuckle ’s series of 
acute, subacute, and chronic lung abscesses, whose duration varied between two 
weeks and three and one-half years, 19 recovered completely and 4 showed satis- 
factory improvement on bronchoscopic aspiration; whereas, 20 failed to recover or 
improve on bronchoscopic aspiration alone. The ages of the patients ranged be- 
tween 3% and 65 years. Arbuckle stressed the use of extra length aspirating 
tips, the removal of granulation tissue plugs which had been visualized by lipiodol, 
and the control of hemorrhage through the use of cocaine and adrenalin. Arbuckle 
also stressed the necessity of a thorough preliminary examination to establish 
the location of the cavity before bronchoscopy. C. L. Jackson, Philadelphia, in 
discussion, stressed the fact that one should not consider bronchoscopy versus 
surgery in the treatment of lung abscess, but that the two specialties should 
work in close harmony with one another in the management of this pulmonary 
disease. Porter Vinson, Richmond, Va., described the insufflation of powdered 
sulfanilamide into the infected lung as a means of treatment, stating that it had 
been frequently used prior to further surgical procedures in a number of cases of 
lung abscess. Arbuckle closed the discussion by mentioning that avertin had been 
used throughout as an anesthetic and that there had been no fatalities during 
or following any of the bronchoscopic procedures. 

Samuel Pearlman, Chicago: Sarco-carcinoma of the Esophagus. Is There Such 
an Entity? — Pearlman analyzed 17 cases reported in the literature and 8 additional 
cases of his own of so-called carcinosarcoma of the esophagus. He illustrated the 
anaplastic nature of certain of the squamous-cell carcinomas in which the 
boundaries between carcinomatous and sarcomatous elements were indistinct. 
Ho concluded that in his cases the pathology was that of a primary carcinoma of 
the esophagus associated with an inflammatory process which had compressed the 
epithelial cells to give them a spindle shape. The manner in which the cells were 
cut likewise influenced the appearanco of the specimen as seen through the micro- 
scope. For these reasons Pearlman felt that the so-called sarco-carcinoma was a 
questionable entity. 

Chevalier L. Jackson nnd George S. McKeynolds, Philadelphia (by invitation): 
Anesthesia for Peroral Endoscopy.— The authors, through a study of question- 
naires, reviewed the rurrent practice in anesthesia for direct' laryngoscopy, 
bronchoscopy, esophngoscopy nnd gastroscopy throughout the country nnd de- 
scribed the methods of anesthesia now in use in the Department of Broncho- 
Esoplmgology at Temple University. The purpose of their study was to consider 
the safety and eflieieney of the various anesthetics now in use and to determine if 
possible, the anesthetic which would cause the least discomfort to the patient both 
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Louis H. Cierf, Philadelphia, reported a ease of a tuberculous periesophageal 
abscess which had produced stenosis of the esophagus. The roentgen findings had 
revealed a marked esophageal stenosis suggestive of an esophageal neoplasm. 
Lsophngoscopic examination demonstrated a swelling of the posterior wall of the 
esophagus which was topped by a yellowish pustule. When opened, 30 c.c. of pus 
wore drained in which many tubercle bacilli were found. There was no demon- 
strable evidence of tuberculosis elsewhere and the patient made an uneventful 
recovery. A year later an esopliagoscopic examination showed the esophagus 
to be normal. The process was considered to be due to the erosion of a tuberculous 
lymph node into the esophageal wall. 

Leroy A. Schall and Louis Johnson, Boston (by invitation), reported the case 
of a 5-month-old infant, who had had respiratory difficulty dating from birth. A 
bronclioscopic examination revealed a tracheal compression at the carina, and, 
since the child obtained relief from the dyspnea while the bronchoscope was in 
place, a tracheotomy tube was inserted. The infant died because of a profuse 
hemorrhage and the autopsy revealed a double aortic arch, the right and left 
arches constricting the trachea. The paper was discussed by Paul Holinger, 
Chicago, A. E. Hammond, Detroit, and C. L. Jackson, Philadelphia, who reported 
similar eases of tracheal and bronchial compression due to cardiovascular anomalies. 


George O. Cummings, Portland, Me., described the treatment of a traumatic 
tracheal atresia by means of graduated core molds. The patient had received 
a crushing injury to the trachea in an automobile accident, destroying both air- 
way and voice and necessitating a tracheotomy. A tracheal occlusion developed 
which was demonstrable on roentgen films. The trachea was opened under gen- 
eral anesthesia, and through the use of core molds the tracheal lumen was re- 
established. Chevalier Jackson, Philadelphia, stressed the importance of start- 
ing treatment early in these cases. 

Porter Vinson and W. E. Fembleton, Richmond, Va. (by invitation), presented 
the case of a patient 63 years of age who was having repeated severe pulmonary 
hemorrhages. Bronclioscopic examination revealed a mass in the right bronchus 
which was removed and proved to be a hilar lymph node with tiny areas of cal- 
cification. The microscopic examination of tissues taken from the broneliial wall 
at the point of ulceration showed tuberculosis. The bronchial lumen was re- 
established by the removal of tissue and the patient made a complete recovery. 


The following papers were read: 

Clyde A. Heatly, Rochester, N. Y.: Surgical Management of Intractable Cardio- 
spasm. Heatly mentioned the various theories of the etiology of cardiospnsm, 

and described the types of operations which had been suggested and performed for 
relief of intractable cases. He presented two cases of patients who had not ob- 
tained Telief in the usual manner following dilatation on whom a surgical 
anastomosis of the lower end of the esophagus and the cardiac portion of the 
'stomach in the manner of the Finney pyloroplasty had been done. Through a 
left midline incision the peritoneum had been reflected from the diaphragm and 
he esophagus. The enrdia was drawn down by a tape passed between the 
and the esophagus, and the lateral anastomosis followed. Ono of the 
car in - ^ ^ years of age, the other 24 years. In tlio first the esophagus re- 

patien l ~ following the operation, hut there was an easy flow of barium 

mamei 1 rpj ie dilatation of the esophagus in the second patient was 

into the s om ^ likewise an easy flow of barium into the stomach. The 

reduced and ^ Porter Vinson, Richmond, Va., M. F. Arhuckle, St. Louis, 
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F. W. Davison, Danville, Pa.: Some Observations on the Control of Humidity 
and Temperature in the Oxygen Tent. — Davison made detailed studies of various 
factors governing the atmospheric conditions in oxygen tents and described the 
physiologic effect due to the abnormal conditions "within the tent. He demon- 
strated an ingenious way of controlling the humidity within the tent through 
the use of a special attachment which permitted the inflowing oxygen to be super- 
saturated with moisture before being introduced into the tent. The moisture is 
supplied by a mechanical humidifier, thus avoiding the heat ordinarily produced 
by croup kettles. He described the use of this apparatus for treatment of acute 
laryngotracheobronchitis and presented the results of cases treated in this manner. 

Herman E. Bozer, Buffalo, N. Y.: Bronchial Collapse Without Clinical Signs 
of External Pressure. — Bozer presented three eases of bronchial collapse which 
appeared to be due to the inability of the cartilaginous framework of the bronchus 
to maintain the lumen under certain physiologic conditions. In each of the 3 
cases the left bronchus was involved and in 2 of the cases an atelectasis was 
present. In these 2 cases breath sounds could be heard satisfactorily over the 
involved areas when the bronchoscope was held in place or the bronchus held 
patent by means of forceps. In the third case relief of the cardinal symptom, 
dyspnea, was obtained through the use of adrenalin. The collapse in this case, as 
the author suggested, might have been on the basis of a bronchospasm or a col- 
lapse of the bronchus due to the strain which accompanied a severe cough. 


NORTHERN SURGICAL SOCIETY 

James Hindmarsh, Stockholm, Sweden 

'"THE twenty-second meeting of the Northern Surgical Society was held in Oslo, 

Norwaj’-, June 29 to July 1, 1939. The president was Professor Emeritus P. 
Bull ; the general secretary, Professor E. Dahl-Iversen. 

Thesis I. Diabetes and Surgery — The Discussion was opened by Torben G. 
Knudtzon, Copenhagen; H. C. Hagedom, Copenhagen; J. P. Strombeck, Stockholm; 
and Per Hanson, Oslo. 

T. G. Knudtzon, Copenhagen, reported G35 cases of diabetes among surgical pa- 
tients who had been treated at the two departments of surgery at the Municipal 
Hospital in Copenhagen during a twenty-year period from 1919 to 1939. Of 
these cases, 347, or 55 per cent, were of special types often associated with dia- 
betes, such ns gangrene, carbuncle, etc.; while 176 cases, or 2S per cent, were 
associated with accidental conditions, such as injuries, acute surgical abdominal 
diseases, etc. The mortality for the whole group was 19 per cent. During the 
first five-year period, before the introduction of insulin, the mortality was 26 per 
cent. It fell to approximately 11 per cent during the second five-year period, but 
rose again to IS per cent during the last five years. 

The mortality of diabetic gangrene was especially high in febrile cases and in 
patients with severe diabetes. The majority of cases were treated conservatively. 
The importance of prophylactic measures was emphasized. 

In the eases with carbuncle the mortality was highest when the lesion occurred 
on the back of the neck. The author recommended excision of such carbuncles 
and treatment to control the diabetes. 


for jMibUcntion, Soptomhur 4, 1040 . 
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ns regards the endoscopic procedure and the anesthetic. Eighty-six, or approx- 
imately 80 per cent, of the questionnaires sent, out were returned. Of these, the 
majority stated the use of some type of promedication. The principal types used 
ueic morphine and atropine or morphine and some type of barbiturate, while only 
two used morphine and scopolamine. A large majority of the returns indicated 
that most endoscopists used a general anesthetic for some of the procedures, the 
indications being the age of the patient, unusual size or shape of a foreign body, or 
the lack of an operating team. Seventeen of the SG never used a general anesthetic. 
Of the local anesthetics used, cocaine, pontocnine, and larocaine were the anesthetics 
of choice in the order mentioned. The procedure of application of the local an- 
esthetic varied in detail with almost every clinic. The usual procedure was that 
of a preliminary spray of the pharynx with the topical anesthetic, followed by paint- 
ing or swabbing the posterior pharyngeal wall and the insertion of sponges on curved 
sponge carriers into the pyriform sinuses. The method in use at the present time at 
the Jackson Clinic is that of premedication with morphine and atropine and oc- 
casionally a barbiturate. In children no anesthesia is used and in adults the an- 
esthetic is first sprayed into the pharynx and then fractionally instilled onto the 
larynx and into the trachea with a laryngeal syringe. This procedure is used in 
adults for the procedures of direct laryngoscopy and bronchoscopy, but for esoplia- 
goscopy the pharynx is merely sprayed. In gastroscopy' the Schindler anesthetizing 
tube is passed into the esophagus for the administration of the local anesthetic. 


M. C. Meyerson, New York City: Bronchoscopy in Tuberculous Children. — 
Meyerson discussed the findings in 29 children suffering from pulmonary tuber- 
culosis who had been referred for bronchoscopic examination during the year. 
The indications were those of atelectasis, noisy breathing, the localization of an 
active lesion, or the removal of secretions for bacteriologic examination when the 
examination of the stomach contents and feces had been negative in suspicious 
cases. Thirteen of the 29 patients had positive findings. These differed little 
from the endoscopic findings of adults with pulmonary tuberculosis. In 7 of the 
29 patients an obstruction of the tracheobronchial tree by compression of medi- 
astinal glands was found. Atelectasis was present in 4 of the patients; secretions 
produced the bronchial obstruction and atelectasis in 3 cases, and granulation 
tissue in 1 case. In 9 eases tubercle bacilli were recovered from the broncho- 
scopicnlly removed secretions when the sputum examinations had been negative 
prior to the bronchoscopy. Meyerson felt that the ulcerogramilomatous lesion is 
not seen as commonly in children as it is in adults. 


George B- Brighton, New York City: Laryngotracheobronchitis. — The author 
mentioned the increasing tendency of designating all cases of laryngeal obstruc- 
tion in children as due to Iaryngotracheobronchifis. He limits the diagnosis to 
those cases requiring surgical relief. Of 27 cases reported, the majority had been 
observed during the past four years with a death total of 11 cases, or 40 per 
cent mortality. The average age of the patients was 27 months; the youngest, 
11 months The author felt that sulfanilamide had not influenced the death rate 
g 0 f the 10 patients receiving sulfanilamido having died. Routine 


in his series, 
treatment -was 


that of humidified air, oxygen, or oxygen and helium, with 
^ method of choice if operative relief became necessary. Tho dis- 
■ ' g to larvngotracheobroncliitis in chickens, the disease in chickens 

ease was co ns q uc to a filterable virus. The lymphocytosis and other 

having keen^ wcre both grossly and microscopically similar to thoso 

features o 1 author feels, therefore, that larvngotracheobroncliitis may 

seen in chickens. ' 

be due to u virus. 
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The proper use of insulin has lowered the mortality from diabetic gangrene and 
has made possible a more frequent use of conservative therapy, Bven so, the end 
results of diabetic gangrene are not satisfactory. Prophylactic treatment is of great 
importance. In diabetic patients with infections, carbohydrates and insulin should 
be given in adequate amounts, foci of infection should be eliminated as early as 
possible, and proper surgical remedies for infection should be applied. 

Per Hanson, Oslo, reviewed his experience, covering the surgical treatment of 
55 cases of diabetes which he treated medically during the period 1936 to 1938. 
He stated that it is important to keep the total caloric intake low, but to give 
carbohydrates in large quantities. It is preferable to give repeated, small doses 
of insulin rather than a few large doses. Pive of the 55 patients died, but in no 
instance was the death attributed to the diabetes or to treatment with insulin. 
Generally, there were remarkably few complications. 

Olof Arnell, Stockholm, gave a report concerning the surgical treatment of 
patients with diabetes, based upon experiences at the Maria Hospital, Stockholm. 
A series of 1,782 cases of diabetes had been treated during the years 1910 to 1938, 
and 358 of these had been operated upon, with a mortality of 18.4 per cent. Gan- 
grene was present in about 10 per cent. Acute abdominal diseases often provoked 
less pain in diabetic patients than would be expected from the severity of the con- 
dition. The mortality in cases of appendicitis was very high; and cholecystitis was 
more liable to be severe and carried a greater risk of perforation than in non- 
diabetic patients. Absence of sugar from the urine does not always exclude the 
presence of diabetes. The urinary test for ketones never should be neglected. Be- 
fore the introduction of insulin the mortality was 10.2 per cent higher than the 
recent mortality rate. Since the beginning of the use of insulin there have been 
no deaths from diabetic coma. 

Fredrik Therkelsen, Copenhagen, discussed the use of a high carbohydrate diet 
and insulin in surgical patients with diabetes, and reported 12 cases. Urinary 
ketones disappeared rapidly and the diabetes was easily kept under control. 
Acidosis did not occur, and there were no complications due to insulin. The surgical 
treatment was conservative. 

H. Thelander, Stockholm, stated that the use of insulin has increased the num- 
ber of pregnancies in diabetic females. At the same time it has improved the prog- 
nosis so that the mortality is scarcely higher than in nondiabetie women. The 
internist and obstetrician should collaborate as closely as possible. Cesarean sec- 
tion should not be performed unless the obstetrician considers it to be unavoid- 
able. The infant mortality is still high among diabetic patients, so the condition 
should be carefully controlled in the child. 

Abraham Troell, Stockholm, discussed the problem of diabetes and accidents. 
Glycosuria may occur after trauma to any part of the body, but it is of no signifi- 
cance. Genuine diabetes may occur following peripheral trauma in patients pre- 
viously manifesting no symptoms of the disease. According to the author, this fact 
indicates a relationship between the injury and the diabetes in those cases, even 
though there may have been an hereditary tendency toward the disease or a latent 
diabetes. Diabetes tends to delay healing after physical injuries, and therefore 
warrants compensation for damage. 

E. Lundbcrg, Brottnh.ghol.n, stated that in cases of pregnancy in diabetic 
women therapeutic abortion must bo performed in the presence of slight indications 
unless some contraindication exists. Infant mortalitv is not much lower "todn'v 
than it was before tiro introduction of insulin. It is important to maintain the 
mother’s blood sugar level as nearly normal ns possible during pregnnncv 
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Among the abdominal conditions, diseases of the appendix, gall bladder, and 
pancreas were most important. In appendicitis severe pathologic changes occurred 
early. In cases of appendical abscess the author advised careful control of the 
diabetes nnd, whenever possible, cnrlj- incision and drainage of the abscess. Cho- 
lecystitis was a serious complication among diabetic patients, and the author 
recommended operation at an early stage in the presence of gallstones or 
cholecystitis. 

For pregnant patients the author advised therapeutic abortion if the diabetes 
were sovore. 

In cases of accidental injuries the diabetes frequently became more difficult to 
control, but usually responded well to proper antidiabetic treatment. 

Nitrous oxide anesthesia is preferred for diabetic patients who require surgical 
treatment for some associated condition. Spinal anesthesia is satisfactory in 
certain cases, but ether and chloroform should be avoided. 

Operations were performed upon 387 of the patients (61 per cent). Although 
the risk has been reduced by the use of insulin, severe surgical procedures should 
bo carried out upon diabetic patients only if the indications are positive. Among 
such patients, arteriosclerosis and myocardial damage frequently occur at an early 
age. Pneumonia, sepsis, and arteriosclerosis were the most frequent contributory 
causes of death. The author stated that in the future the mortality from sepsis 
might be reduced, but he expected an increase in the number of deaths from 
arteriosclerosis and probably no change in the mortality rate from pneumonia. 


H. C. Hagedorn, Copenhagen, pointed out that, since the introduction of insulin, 
the prospects for patients suffering from diabetes associated with surgical com- 
plications are almost as good as for patients free from diabetes. The develop- 
ment of surgery and the accommodations of modern hospitals have contributed 
to the favorable results. The characteristic progress of the complications is not, 
as one may believe, due to the high percentage of grape sugar present in the 
tissues, but it is probably caused by a change in the cellular metabolism which 
reduces the amount of carbohydrate and fat in the tissues so that the conditions 
are far from normal. The rapid effect of insulin on obstinate wounds supports 
this assumption. Another factor may be the accumulation of normal or abnormal 
metabolic products. Injury to the nerves and vessels constitutes another important 
point, and consideration of the problem from this angle might throw some light on 
the unusual progress of many complications in diabetic patients. 

The author called attention to similarities between diabetes and other endocrine 
diseases, such as myxedema and Addison’s disease. He advised proceeding cautiously 
in the treatment of diabetic gangrene, especially if the patient’s general con- 
dition is improving. 


J. P. Strombeck, Stockholm, stated that the increased duration of lifo resulting 
from the introduction of the use of insulin has added to the number of diabetic 
patients coming for surgical treatment. Cases of diabetic gangrene have been 

increased. 

Narcosis and other conditions associated with an operation disturb the carbo- 
, te metabolism more in diabetic than in nondiabetic patients, but the nd- 
- ' t tion of carbohydrate and insulin reduces the risk to such an extent thnt 
I* 11 . a j mos t the same in both instances. Dehydration nnd chloride deficiencies 
lt; W h eliminated. The author expressed a preference for nitrous oxide nnd 
must e an( j j, e stated that chloroform, avertin, nnd evipan wore to be 

ether ane s liould be given to all diabetic patients coming for surgical treat- 

avoided. uai ^ given bv continuous intravenous drop infusion if necessary. Ex- 
ment, and maj ) . leading to hypoglycemia, carbohydrate deficiency, nnd 

cessive ^ cs ’ iM y dangerous, 

hepatic insufficiency a t 



REVIEW OF RECENT MEETINGS 


147 


The proper use of insulin has lowered the mortality from diabetic gangrene and 
has made possible a more frequent use of conservative therapy. Even so, the end 
results of diabetic gangrene are not satisfactory. Prophylactic treatment is of great 
importance. In diabetic patients with infections, carbohydrates and insulin should 
be given in adequate amounts, foci of infection should be eliminated as early as 
possible, and proper surgical remedies for infection should be applied. 

Per Hanson, Oslo, reviewed his experience, covering the surgical treatment of 
55 cases of diabetes which he treated medically during the period 1936 to 1938. 
He stated that it is important to keep the total caloric intake low, but to give 
carbohydrates in large quantities. It is preferable to give repeated, small doses 
of insulin rather than a few large doses. Eive of the 55 patients died, but in no 
instance was the death attributed to the diabetes or to treatment with insulin. 
Generally, there were remarkably few complications. 

Olof Arnell, Stockholm, gave a report concerning the surgical treatment of 
patients with diabetes, based upon experiences at the Maria Hospital, Stockholm. 
A series of 1,782 cases of diabetes had been treated during the years 1910 to 1938, 
and 358 of these had been operated upon, with a mortality of 18.4 per cent. Gan- 
grene was present in about 10 per cent. Acute abdominal diseases often provoked 
less pain in diabetic patients than would be expected from the severity of the con- 
dition. The mortality in cases of appendicitis was very high; and cholecystitis was 
more liable to be severe and carried a greater risk of perforation than in non- 
diabetic patients. Absence of sugar from the urine does not always exclude the 
presence of diabetes. The urinary test for ketones never should be neglected. Be- 
fore the introduction of insulin the mortality was 10.2 per cent higher than the 
recent mortality rate. Since the beginning of the use of insulin there have been 
no deaths from diabetic coma. 


Fredrik Therkelsen, Copenhagen, discussed the use of a high carbohydrate diet 
and insulin in surgical patients with diabetes, and reported 12 cases. Urinary 
ketones disappeared rapidly and the diabetes was easily kept under control. 
Acidosis did not occur, and there were no complications due to insulin. The surgical 
treatment was conservative. 


H. Thelander, Stockholm, stated that the use of insulin has increased the num- 
ber of pregnancies in diabetic females. At the same time it lias improved the prog- 
nosis so that the mortality is scarcely higher than in nondiabetic women. The 
internist and obstetrician should collaborate as closely as possible. Cesarean sec- 
tion should not bo performed unless the obstetrician considers it to be unavoid- 
able. The infant mortality is still high among diabetic patients, so the condition 
should be carefully controlled in the child. 


Abraham Troell, Stockholm, discussed the problem of diabetes and accidents. 
Glycosuria may occur after trauma to any part of the body, but it is of no signifi- 
cance. Genuine diabetes may occur following peripheral trauma in patients pre- 
\iously manifesting no symptoms of the disease. According to the author, this fact 
indicates a relationship between the injury and the diabetes in those cases, even 
though there may have been an hereditary tendency toward the disease or a latent 
diabetes. Diabetes tends to delay healing after physical injuries, and therefore 
warrants compensation for dnmnge. 


E. Lundbcrg, Drottmngholm, stated that in cases of pregnancy in diabetic 
women therapeutic abortion must be performed in the presence of slight indications, 
unless some contraindication exists. Infant mortality is not much lower today 
than it urns before the introduction of insulin. It is important to maintain ' 
mother s blood sugar level ns nearly normal as possible during pregnancy. 
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J. Tillgren, Stockholm, stated that in cases of acute surgical diseases associated 
with diabetes, an extra dose of insulin should be administered previous to the 
operation, oven if the patient is unable to take food. Mild cases of diabetes 
should be allowed a diet without insulin as soon as possible after the operation. 
Full diet is not advocated and, even in children, it must be considered an excess. 

Uno Carlborg, Stockholm, reported his experiences with oscillomctric examina- 
tions in 123 cases of diabetes. Of this group of patients, 34 per cent manifested 
pathologic oscillograms in the leg. Gangrene was present in 10 patients (all with 
pathologic oscillograms), and 30 patients had subjective and objective symptoms in 
the form of pain, sensation of cold, etc. 

Abraham Troell, Stockholm, expressed the opinion that the operative mortality 
in patients with diabetes would be reduced if larger doses of insulin were given 
prior to operation. He advised the administration of 10 to 20 units of insulin, and 
the injection of glucose solutions subcutaneously and by rectum, two or three 
doses being given in a day. 


Esben Kirk, Copenhagen, stressed the importance of the test for bicarbonate 
in the plasma in cases which are approaching or are actually in coma. The intra- 
venous injection of an isotonic solution of sodium bicarbonate relieves acidosis 
without danger of alkalosis during the interval before the effects of insulin can 
be produced. 

U. Komanus, Halsingborg, discussed a series of 700 cases of diabetes treated 
during the years 1925 to 1937. Among these, there were 62 cases of gangrene. 
Only 26 patients were operated upon. The diet consisted of large amounts of fat 
and moderate amounts of carbohydrate. 

A. Tallroth, Goteborg, recommended evipan for anesthesia in diabetic patients. 


F. Saltzman, Helsingfors, discussed a series of 514 cases of diabetes treated at 
the Maria Hospital in Helsingfors during the period 193 0 to 1939. Ten per cent 
of the cases had required surgical operation. 


JohS Ipsen, Sonderborg, stated that in diabetic gangrene the temperature of 
the skin of the affected foot does not differ from that of the unaffected foot. This 
indicates that the gangrene is not due to a deficiency of blood supply and explains 
the favorable results obtained by conservative treatment in cases which are not too 
far advanced. Gangrene associated with arteriosclerosis requires different therapy. 

In conclusion, Knudtzon stated that it seemed to be generally accepted that 
large quantities of carbohydrates should be given together with adequate amounts 
of insulin, and that acidosis should be prevented, or, if present, combated. 
Strombeck warned against the use of an increased dose of insulin before operation 
in patients with well-controlled diabetes. Hanson emphasized that the caloric 
intake should be low- under all circumstances and that carbohydrates should be 
iven by mouth or by rectum. Only in cases of emergency should carbohydrates 
he given subcutaneously or intravenously. 


Gunnar Nystrom, Borga, reported 4 cases of malignant tumor of the kidney’ in 
and discussed the pathologic anatomy and treatment of embryonal tumors. 
cu * , 1 tha j. hematuria occurs in only about 10 per cent of such cases. The prog- 
* « e than in cases of Grawitz tumors, the percentage of cures being not 
nosis w " or ” ^ at hest. Three of the author’s 4 patients died. The fourth was 
over 10 I' er ^ cn after operation. The author assumed that the tumors origi- 

still alive a ew j n the discussion, Borch-Johnsen, Oslo, reported 1 

nate from tie m , one-half years after operation, which had been per- 

patient still living eigi 
formed at the age of 16 months. 
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Trans Sorensen, Copenhagen, summarized data based upon the observation of 
250 cases of fibroadenomatosis of the breast. In more than 100 cases, treated 
partly with and partly without estrin, and in which histologic examinations had been 
made, it was found that the therapeutic effect of estrin was proportional to the 
amount of pathologic hyperplastic interlobular connective tissue. Examination 
after periods of one to four years revealed that one-third of the patients treated with 
estrin were subjectively and objectively free from symptoms. Malignant changes 
did not occur in any case. 

John Hellstrom, Stockholm, related experiences with the operative treatment of 
diverticula of the urinary bladder. Since 1933 the author has operated upon 10 such 
cases: 9 males and 1 female. There was 1 postoperative death from coronary 
sclerosis. In 8 cases radical operation was performed by invagination of the 
diverticulum with the aid of Pean’s forceps or bj r suction, after the bladder had 
been opened. In 2 cases one of the ureters opened into the diverticulum. In 1 of 
these a collar was left around the ureteral orifice, and this was sutured into the 
vesical defect resulting from extirpation of the diverticulum. In the other case a 
stone was present in the dilated ureter. Ureterolithotomy was performed and an 
anastomosis was established between the ureter and the diverticulum. 

G. Levander, Hoping, stated that he had operated upon 2 patients with good 
results. He advised an extravesical approach after having tamponed the diverticulum 
from within the bladder. 


N. Backer-Grondahl, Bergen, discussed the advisability of shortening the period 
of confinement to bed following operations. If the patient is allowed to be up 
as early as possible, the danger of thrombosis and embolism is decreased and 
nursing care is facilitated. The economic advantage is obvious. The author re- 
ported 435 patients who had been permitted to be up within 7 days following ab- 
dominal operations. Among the group there were 49 cases of gastric resection. 

In the discussion, E. Eandelius, Giivle, stated that for some time he had been 
allowing elderly patients to sit up in bed as early as the first or second day fol- 
lowing prostatectomy or hernia repair. 

G. Bohmansson, orebro, demonstrated an apparatus which enabled postopera- 
tive patients to evacuate their bowels without the aid of an attendant and in a 
sitting position. 


N. Backer-Grondahl, Bergen, concluded by stating that patients quickly learn 
not to contract their abdominal muscles. By avoiding the median incision in cases 
of appendicitis, the period of postoperative confinement to bed may be shortened 
for these patients. 

Gunnar Bauer, Mariestad, reported 11 cases with a renal type of pain, but 
without other positive urologic findings, in which renal denervation (sympathectomy) 
produced relief. The pain had been present for months or years. "There were no 
serious complications, and in 1 case there was a decrease of urinary casts after 
the operation. 


James Hlndmatsh, Stockholm, discussed the treatment of intussusception in 
children in a group of CO eases. Between the veers 1930 and 1934, 24 cases had 
been treated by trying to obtain reduction by the injection of n contrast medium 
enenm under fluoroscopic control. Between 1935 and 1939, 42 cases were treated l.v 
immediate operation if the nonoperative reduction failed on the first attempt The 


mortality for the entire group, among whom 47 
per cent. During the first period the mortalitv 


'uses were operated upon, was 7.(1 

, .... „ , - wns 10 - 7 I ,rr con t and during the 

Inter pcr.od ,t was .4 per cent. The author concluded that prcliminnrv injection of 
n contrast enema reduced the risk of operation to a minimum. ' 
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Ivar Moene, Bergen, reported a case of von Recklinghausen's disease associated 
with ganglioneuroma of the stomach in a 54-ycar-old man. Roentgen examination 
revealed a tumor on the lesser curvature which at operation proved to be a 
ganglioneuroma the size of an orange. The patient is alive and well one and 
one-half years after operation. 

Gunnar Redell, Upsala, discussed the occurrence of ascending infections of the 
biliary tree following anastomotic operations carried out upon tne bile ducts. Re- 
viewing 809 Swedish cases (1914 to 1937), he found that postoperative infections 
were very uncommon. He emphasized the importance of a large stoma, allowing 
unimpeded passage through the anastomosis. Anastomosis of the bile ducts carries 
less risk of infection than anastomosis of the gall bladder. 

In the discussion, Ph. Sandblom, Stockholm, stated that in animals cholangitis 
always follows anastomotic operations. In human beings cholangitis is certain 
to be present in many cases without producing clinical symptoms and is usually found 
only at post-mortem examination. One may not draw conclusions, therefore, con- 
cerning the frequency of cholangitis merely on the basis of clinical symptoms. In 
reply, Gunnar Redell expressed the opinion that the results of animal experimen- 
tation arc not entirely comparable to conditions found in human beings. 

John Ro, Oslo, discussed the pathogenesis of pain occurring after cholecystec- 
tomy. He stated that 35 per cent of a group of patients complained of persistent 
pain following cholecystectomy. Most of these manifested a tonic spasmodic con- 
dition of the duodenum and an altered reaction to morphine. In normal patients the 
intraduodenal pressure increases slowly and only moderately after morphine; 
whereas, in patients with postcholecystectomy pain the drug evokes a rapid, 
marked increase in pressure associated with typical attacks of pain. The pain 
may be relieved by the administration of amyl nitrite or nitroglycerin. 

Roar Strom, Drammen, discussed thyreotoxic affections of the liver. His ex- 
perience included post-mortem examinations of cases of thyreotoxic affections and 
examinations of rabbits after prolonged administration of thyreotoxin. Liver 
function tests were applied to patients with hyperthyroidism before and after 
treatment as well as to healthy control patients. The rabbits were tested in a 
similar manner, and perfusion tests also were carried out on the surviving liver 
of rabbits. In the cases examined at necropsy- and in the rabbits treated 
with thyreotoxin, morphologic alterations of the liver were observed. The galac- 
tose tolerance test is frequently' positive in cases of thyreotoxic affections and the 
patients present an inclination toward fasting hypercitricemia and an abnormally 
increased alimentary citricemic load curve. The principal cause of decreased carbo- 
hydrate tolerance in cases of thyreofoxemia is an assimilation deficiency of the 
liver a condition due to an action of the thyroid substance on the liver epithelium, 
irrespective of the quantity of glycogen present in the liver or of other morphologic 
alteration. 

Thesis H. Intracranial Injuries Due to Blunt External Force and the Condi- 
. s Produced by Such Accidents. The discussion was opened by Aarno Snell- 
malT Helsingfors; Haakon Saethre, neurologist, Oslo, and G. Rovig, Oslo. 

'tnellman Helsingfors, reviewed 1,070 cases of skull and brain damage 

Aarno p Cr ; 0 d 1932 to 1938 at the Red Cross Hospital of Finland in 

treated un j n ^. g group 275 (25.5 per cent) presented skull injuries. In SO per 
Helsingfors cv i c lence of an organic intracranial lesion, and in 30 per cent the 
cent there was g severe. Spinal puncturo was performed in many of the 

intracranial damag ,. than fortv-eight hours following the trauma. Sub- 

cases, but usually not e. 
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arachnoid bleeding was relatively common, even in slight injuries, and it increased 
in proportion to the violence of the trauma. 

Cases with increased intracranial pressure were divided into two classes: (1) 
acute increase of intracranial pressure with a tendency toward compensation; (2) 
acute increase of intracranial pressure without a tendency toward compensation. 
Cases in the latter group included: epidural hematoma (7 cases), subdural hematoma 
(9 cases), combination of epidural and subdural hematomas (3 cases), and blockage 
(8 cases). 

The symptomatology of increased intracranial pressure may be grouped according 
to three different types: (1) a symptom -free interval, delayed primary unconscious- 
ness, and syndrome of acutely increasing pressure; (2) primary unconsciousness, 
a symptom-free interval, and secondary unconsciousness, etc.; (3) primary in- 
cessant unconsciousness. 

The duration of the patients’ stay at the hospital should be individualized. 
In this group patients without skull fracture usually stayed 8 to 24 days, while 
patients with fracture stayed 15 to 33 days. 

Among the 27 patients showing increased intracranial pressure, 20 were oper- 
ated upon, of whom 16 died. Twenty per cent were saved. The author believed that 
one-third of such cases might be saved by operation if the conditions were favor- 
able. Chronic subdural hematoma should be evacuated subtemporally and the sac 
should be washed out. 

The total mortality was 5.8 per cent (63 cases). Twelve patients (1.1 per cent) 
died of meningitis. The cases of meningitis were all associated with skull fracture. 
More than 50 per cent of the fatal cases died within twenty-four hours and about 
80 per cent within three days. In order to improve the results of treatment, each 
case should be controlled carefully and the latest attainments of brain surgery 
should be available. 


Haakon Saethre, Oslo, stated that certain individuals exhibit increased sus- 
ceptibility to trauma. Among 316 cases, 13 (5 per cent) had had more than one 
head injury. Thirty per cent of the acute head injuries showed evidence of alcohol- 
ism, and in 122 cases of traumatic psychosis there were 44 cases of chronic alcoholism. 

Commotio cerebri is defined as a clinical syndrome resulting from injury to the 
trunk of the brain (Berner). In cases of increased intracranial pressure edema plays 
a more important Tole than does hemorrhage. Among 25S cases of acute injuries, 
62 per cent exhibited signs of this syndrome, but only 30.6 per cent of these were 
pure commotio syndrome. In the late material commotio syndrome was present 
in 71.6 per cent of 331 cases. Thirty-five per cent of the late material and 54.7 
per cent of the acute cases exhibited neurologic suppression symptoms. In the 
acute cases nystagmus and other eye symptoms were predominant. In the cases 
with delayed symptoms otologic disturbances were most common. In 8 per cent of 
the late material disturbances of the olfactory and gustatory organs were present. 
Severe dementia was present in 3 cases. Traumatic epilepsy occurred in 5 per 
cent of the cases. 


Meningoeneephalopathy due to trauma should be diagnosed only on the basis of 
positive objective findings, such as neurologic symptoms, pathologic findings in the 
cerebrospinal fluid, or abnormal pneumogram. 

The term “traumatic cerebral general syndrome” (Forster) is adequate for 
designating the subjective symptoms and should be distinguished from the term 
••post-traumatic neurosis,” the latter being applied to eases without skull trauma 
Patients with l.ead injuries, however, may exhibit purclv nervous symptoms ’ 
The neuropsyeliologic symptoms in cases of trauma should bo grouped as fol 
lows: til primary symptoms (primary conditioned psychoreflcx, etc.)- (<n 

s - vml ' Uml? hypochondria, querulousncss. depression etc ) 
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The author recommended centralization of observations, treatment, and evaluation 
of injury, especially in cases of patients with insurance. 

Gunnar Rovig, Oslo, reported a series of 90 cases of head injuries in which 
pain persisted for long or short periods after the accident. All patients had under- 
gone neurologic, ophthalmologic, acoustic-vestibular, and enceplialographic examina- 
tions as well as measurements of spinal fluid pressure and chemical examination 
of the spinal fluid. Only patients who had been perfectly well before the accident 
were included. The majority of the patients complained of headache, vertigo, and 
psychic and vegetative disturbances. Tinnitus and ophthalmic or otologic disturb- 
ances were common. Eleven patients had epileptiform attacks. Objective examina- 
tion revealed: 


Psychic sj’mptoms 

55 cases 

Cranial nerve disturbances 

74 cases 

Motor disturbances 

14 cases 

Disturbances of co-ordination 

12 cases 

Sensory disturbances 

9 cases 

Abnormal reflexes 

58 cases 

Ophthalmic disturbances and disturbances 
of eye muscles 

51 cases 

Acoustic-vestibular disturbances 

26 cases 

Pathologic cerebrospinal fluid 

(including increased pressure) 

45 cases 

Clinical intracranial lesions 

18 cases 

Positive enceplialographic findings 

20 cases 

Aggravation or simulation symptoms 

8 cases 


The author emphasized the value of the encephalogram as an objective method of 
studying conditions after the injury. In making an interpretation of the findings, 
the results of the other examinations should he taken into consideration in order 
to arrive at a rational evaluation of craniocerebral damage. 


S. A. Brofeldt, Helsingfors, related experiences with the treatment of skull 
fractures at the Red Cross Hospital of Finland. Among 1,076 cases with head in- 
juries, there were 275 cases of skull fracture. Eifty-thTee of these died of brain 
injury, including 12 cases with meningitis. Five cases with meningitis survived. 
Fractures which communicated with the sinuses were treated by operation (trepana- 
tion and drainage of the sinus) if the skin was broken or if the anterior or posterior 
wall' of the sinus was splintered. Cases with compound fracture of the skull in- 
volving the ear were treated conservatively unless an otitis developed. In cases with 
meningitis operation was performed. 


j. Cedermark, Stockholm, reported upon a series of 1,960 cases with head 
injuries which had been treated at the Maria Hospital during the 3 r enrs 1920 to 
1936 Among these, 153 patients had died during their hospital stay and 179 had 
died later. The cause of death in the latter group usually was not related to the 
' iurv Autopsies had been performed in 109 cases. In the group of patients who 
had died in the hospital, death was due to the skull injury alone in 124 cases, 
1 "le in 29 cases there were other severe injuries associated with the skull injury, 
■it or cent of the fatal cases died within forty-eight hours after the accident. 
Fig 1 J 1 . go per cent died later from meningitis or pneumonia. The impor- 
The TCn ' :U (iQi] ° erva fi vc treatment in cases of fracture of the base of the skull in 
tance o “ meningitis was emphasized. In follow-up studies, 1,450 patients were 
order to avoi ..npi-oximatcly one-third of the entire group complained of persist - 
re-examined, an^ ‘ ^ 0 f the cases with skull fracture and one-fourth of the 

ing disturbances ,\mong 148 insured patients who complained of per- 

cases without rtl Q _ cen t were judged to he entitled to compensation; 39 
sistent disturbances, V 
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per cent of the insured patients and 36.7 per cent of the noninsured patients com- 
plained of disturbances. 

Paul Pjeldborg, Vejle, reviewed observations made upon 287 patients with 
injuries of the skull in whom spinal puncture had been performed and who had 
been followed for one or two years after completion of the treatment. Among the 
patients who had been unconscious for one hour or less, there was blood in the 
spinal fluid in 144 and no blood in 117 cases; 46.5 per cent of the patients without 
blood and 54.7 per cent of those with blood in the spinal fluid were free from symp- 
toms at the follow-up examinations. Only 4 of the 26 patients who had been un- 
conscious for more than an hour showed no blood in the spinal fluid. Two of these, 
or 50 per cent, presented no late symptoms. In the 22 cases without blood in the 
spinal fluid, 36.4 per cent were free from late symptoms. Pjeldborg concluded that 
the presence or absence of blood in the spinal fluid was without prognostic value. 

Otto Mikkelsen and Predrik Therkelsen, Copenhagen, reported a series of 211 
cases with head injuries and the results of follow-up examinations in 200 patients 
who had been treated at the Commune Hospital in Copenhagen during the period 
1932 to 1934. Of the group of 211 patients at the time of admission, 163 had 
been considered to be uncomplicated cases of commotio cerebri, but subsequent 
studies revealed that only 58 per cent were “pure” cases; whereas, the others pre- 
sented fracture of the skull, blood in the spinal fluid, and neurologic symptoms. 
Among the 200 patients who had been followed, 34 per cent complained of per- 
sistent headache and/or vertigo. Among 161 patients who had resumed work, 47 
(29 per cent) complained of persistent headache or vertigo; 53 per cent of the 
patients manifested more or less severe disturbances after dismissal from the hospital. 

Mogens Tog and Artel Lund, Copenhagen, discussed neurologic symptoms asso- 
ciated with acute trauma of the skull and stated that intracranial lesions were found 
often in patients who had been suspected of having only commotio cerebri. Se- 
quelae were grouped into four classes: (1) chronic commotio syndrome (a morbid 
state due to organic damage; encephalograms or ventriculograms sometimes reveal 
abnormalities) ; (2) post-traumatic neurosis; (3) traumatic encephalopathy; and (4) 
post-traumatic epilepsy without other clinical indications of organic brain damage. 

Bjorn. Kristensen, Copenhagen, reported a series of 191 cases with fractures 
of the skull, treated at the Hospital in Sundby. There were 35 deaths. Death oc- 
curred within twelve hours in about 50 per cent and within forty-eight hours in 
75 per cent of the fatal cases. The average period of hospitalization was three 
weeks. Examinations after two to five years revealed that 49 patients were free 
from symptoms, 12 manifested impaired working capacity, and 9 patients were 
judged to have 8 to 25 per cent disability. 

Sigurd With, Copenhagen, stated that the treatment of uncomplicated com- 
motio cerebri should be individualized. Ho reported a series of 394 cases treated 
at the Hospital in Sundby during the period 1924 to 1934. The patients were con- 
lined to bed only until the subjective symptoms had disappeared. In most cases 
(257) this was less than a week. Subsequently 16,1 per cent of the patients pre- 
sented persistent complaints, but in most of the eases they were mild. There is no 
evidence to indicate a correlation between the intensity of the acute symptoms 
nml the persistence of disturbances. The previous existence of neurosis is ap- 
parently not important. Sixty-six per cent of the patients returned to Work within 
one month and St per cent were able to work within three months. 

Einar Schie, Drammen, discussed the use of spinal puncture in cases of skull 
trauma. For two years all cases of skull injury lmd been treated by spinal punc- 
ture, intravenous injection of hypertonic glucose solution, nnd limitation of fluid 
intake. The results were better than in corresponding groups of patients treated hv 
by|H'rtonle glucose injection or bed rest nlone. 
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ii 10 ( iscussion Kristian Kristiansen, Oslo, reported that neurologic exanii- 
nu ion o ^“00 patients with skull trauma revealed neurologic suppression symp- 
toms in 07 per cent. Some of the symptoms disappear some days or weeks after 
the accident, indicating that they arc caused by slight hemorrhages. Most fre- 
quently suppression symptoms are referable to the third, fourth, or sixth cranial 
nerve, but thoy may originate from the fifth, seventh, eighth, or ninth nerve. Treat- 
ment should bo conservative. The injection of 25 per cent MgSO, is important. 
The total mortality was 5 per cent. Only 5.1 per cent of the cases were operated 
upon. 1 lie principal indication for surgical intervention is progressive uncon- 
sciousness. The operation is performed by removing a small portion of the skull 
subtempornlly. Patients until severe brain injury and accelerated pulse should not 
be operated upon, because they do not survive operation. In patients with epidural 
hematoma operation should be performed as soon as possible, but in patients with 
subdural hematoma a period of observation should precede operation. Patients 
with skull fracture should rest in bed for at least three weeks. 

M. Eirto, Helsingfors, stated that, among 540 cases studied at the Red Cross 
Hospital of Finland, primary unconsciousness was present in 90.4 per cent; 54.7 
per cent exhibited amnesia with regard to the accident; 24.8 per cent exhibited 
alterations of the patellar reflex; and the Babinski sign was positive in 8.7 per 
cent. Respiration was irregular in 5.5 per cent, and 3 per cent of the cases ex- 
hibited Cheyne-Stokes type of breathing. 

Marti Hamalainen, Kuopio, called attention to the principles of physics in 
relation to traumatology. The important factor is kinetic energy, which is pro- 
portional to one-half of the product of mass times the square of the velocity. 

H. Olive crona, Stockholm, stated that trepanation should be performed upon 
the slightest suspicion of extra- or subdural hematoma. Openings should be made 
on both sides, over the anterior and posterior branches of the middle meningeal 
artery. He opposed desiccation therapy. The period of bed rest should not be too 
short, and subsequently the patient should be kept under strict control. Per- 
sistent symptoms are usually due to organic changes. Injuries in the region of 
the diencephalon cause especially prolonged disturbances. Such cases frequently have 
a lowered metabolic rate and often respond favorably to thyroid medication. 

J. Hellstrom, Stockholm, discussed the difficulty of excluding the presence of 
extradural hematoma. He reported a patient who had been operated upon because 
he had developed unconsciousness after a symptom-free interval. No hematoma 
was found, but the patient died from fat embolism. 


R. Ingebritzen, Oslo, approved the use of the term "traumatic neurosis” in 
patients with skull injuries. In some patients with a latent neurosis the trauma 
may operate to produce a symptomatic neurosis. He disagreed with Berner’s assump- 
tion that hemorrhage into the fourth ventricle is the only cause of unconscious- 
ness and death. Such hemorrhages may be found associated with other conditions, 
such as poisoning, and are not found in young animals killed by a blow on the head. 


A Lagergren, Hasselholm, reported 2 cases of pneumococcus meningitis 
had developed after fracture of the skull and which had been successfully 
treated with a special compound pneumococcus serum. 

Oslo disapproved of the use of the term "chronic commotio syn- 
H, Sae re, . ’ (oms are mostly organic and the symptom complex should be 
drome.” bate sj 1 general symptoms.” The term "traumatic neuro- 
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E. Landelius, Gavle, described a technique for spinal puncture which consisted 
of inserting the needle about 0.5 to 1 cm. to the right of the median line and 
advancing it in a medial and slightly cranial direction. He stated that this method 
decreased the risk of inserting the needle too far and that there were fewer fail- 
ures than with median puncture. 

H. Olivecrona, Stockholm, discussed the surgical treatment of Meniere’s dis- 
ease, and stated that medical treatment is usually unsuccessful. During a ten- 
year period, 60 cases were operated upon by Dandy ’s method of intracranial 
section of the vestibular nerve. There was no mortality, and recurrence of symp- 
toms occurred in only 2 eases. 

Einar Herman, Stockholm, discussed problems of military surgery, emphasizing 
the necessity for development of practical methods. Accommodations suitable for 
operating rooms should be provided, similar to the “pavilions operatoires ” of the 
French army. Apparatus for sterilization should be adequate and should be installed 
in special caTS. All severely wounded patients and those recently operated upon 
should be attended locally for at least eight days. Immediate transport of such 
cases increases the mortality. 

John Holst, Oslo, discussed the indications for and results of treatment by 
extrapleural pneumonolysis and extrapleural pneumo-oleothorax: (1) tuberculous 
process too active to permit thoracoplasty, (2) extensive bilateral tuberculosis, 
(3) cavities near the hilus (when thoracoplasty gives unsatisfactory results), (4) 
contraselective pneumothorax. 

Forty-six patients were operated upon with an operative mortality of 4.4 per 
cent; 38 patients were followed for four to twenty-one months. Among these, 28 
showed no cavities and 22 (58 per cent) showed no bacilli. This method offers aid 
to patients who previously would have been placed in the inoperable group. 

Gunnar Nystrom, Upsala, reported successful pneumonectomy for removal of 
a metastatic carcinoma the size of a fist in a woman, aged 61 years, who had been 
operated upon for cancer of the uterus ten years previously. Preliminary pneumo- 
thorax was instituted. The operative procedure was carried out under local anes- 
thesia, supplemented with infusion of 2 c.c. of 10 per cent evipal in saline solu- 
tion. Oxygen was administered by nasal catheter. Almost the entire seventh rib 
was resected. The pulmonary hilus was infiltrated with 3 per cent novocain and it 
was clamped with forceps. A transfixion ligature of catgut was applied, the hilus 
was cut with the diathermy knife, and the lung was removed. The mucous mem- 
brane of the bronchial stump was cauterized with a diathermic ball. The arteries 
and veins were then individually ligated, and two catgut ligatures were placed on the 
bronchial stump. The air was aspirated and the thorax was closed. There were no 
complications. 

In the discussion, John Holst, Oslo, reported material covering 31 lobectomies 
with 4 postoperative deaths, and 6 pneumonectomies with 2 postoperative deaths. 

John Holst, Oslo, reported 11 cases of mediastinal tumors and benign peripheral 
lung tumors which had been operated upon without any mortality. He stated that, 
if pneumothorax and thoracoscopy cannot be performed because of adhesions, 
broad lateral thoracotomy should be performed after the removal of one entire 
rib. Mediastinal tumors should be removed transpleurally except in the case of 
mediastinal struma. The latter should be removed by upper mediastinotomy after 
dividing the cartilage of the first, or up to the third, rih. 

In the discussion, Axel Odelberg, Ostcrsund, reported 2 cases of intrnthoracic 
tumors, a ganglioneuroma and an echinococcus cyst. Doth were operated upon and 
cured. The echinococcus cyst was removed by simple suction. 
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A case of mediastinal neurinoma, successfully removed, was reported by R. 
Ingebritzen, Oslo. 


G. Nystrom, Upsala, pointed out that single-stage operations for echinococcus 
cyst are attended with risk of serious allergic collapse, because the cyst contents 
may enter the open pleural cavity. 

E. Akerberg, Orebro, discussed the treatment of bleeding ulcers and presented 
material based upon 140 operations for hemorrhage during the period 1929 to 1938. 
The mortality was 13 per cent, or twice as high as for operations in a hemorrhage-free 
interval. Roentgen examinations were carried out during the stage of bleeding in 
more than 95 per cent of the cases (295 examinations) and caused no damage. Blood 
transfusion did not exert a hemostatic effect. Follow-up examinations of 168 cases 
of gastric resection (chiefly Billroth I) in patients who had been operated upon 
during, or shortly after, the stage of bleeding, revealed that recurrent hemorrhages 
occurred in almost 20 per cent. It is, therefore, important to study and evaluate 
the symptoms and to limit the indications for operation. 

In the discussion, G. Bohmansson, orebro, stated that blood transfusion may 
cause renewed bleeding. 


Axel Christensen, Aker, discussed the immediate results of surgical treatment 
of chronic gastric ulcers. The material included 1,100 cases treated medically 
during the period 1924 to 1938, and 422 cases treated surgically during the period 
1915 to 1939. In the first group there were 19 deaths and in the latter group (434 
operations) there were 16 deaths, including 2 from hemorrhage. The author as- 
sumed that one-half of the patients treated medically were cured, while the re- 
maining half of the group manifested persistent symptoms indicating necessity for 
operation. On this basis the mortality- in patients treated medically- is comparable 
to that following surgical treatment. The operative mortality- is 3.7 to 3.S per cent 
and is equally divided between resections and gastroenterostomies. Most of the 
deaths are due to technical deficiencies. The author’s personal cases included 254 
patients with 5 deaths, a mortality of less than 2 per cent. Resection is the 
method of preference (Billroth II). Gastroenterostomy should be performed only- 
in cases of pyloric stenosis and in patients over 50 years of age. The author em- 
phasized the importance of postoperative dietary management and of the use of 
local anesthesia and routine drainage for twenty-four hours following operation. 
Since the introduction of the use of routine drainage in 1930, no death from 
peritonitis has occurred. Follow-up examinations revealed good results in 60 per 
cent of cases following gastroenterostomy and in S6 per cent fo flowing resection. 


In the discussion, E. Landelius, Giivlc, stated that 638 operations had been per- 
formed for ulcer at the hospital in Gavle between the years 1928 and 1937. Thero 
had been 47 deaths (7.4 per cent mortality); 110 perforated ulcers had been 
operated upon, with 16 deaths. Resection (Billroth II or Reichel) had been per- 
formed in 415 cases. Resection should be performed in young patients and at an 
early stage of the disease. The patients should be given a normal mixed diet 
including vitamins. 


N Backer-Grondahl, Bergen, described and demonstrated a kidney rest, made 
‘ . . stee j which permitted fixation of the patient’s pelvis in any- desired 
of s am - recommended it especially- for operations performed under 

oblique position. 

spinal anesthesia. 
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bone tissue. The author assumed that it contained a hone-repairing substance 
which encouraged the mesencliyma to bone repair. The cambium layer might be 
correctly qualified by the term, "accretion of the bone tissue of mesencliyma type. 

S. Ann ersten, Upsala, discussed the biochemistry of bone formation. He had 
used the method of developing heterotopic bone formation by bone extract and as- 
sumed that the process was caused by a substance with hormonelike action. This 
substance is soluble in alcohol and is probably of lipoid nature; it can be isolated 
by concentration and is not type specific. Chemical studies were carried out with 
regard to the relation of calcium, carbonic acid, and phosphorus to the callus. The 
findings suggested certain points which may help to clarify the problem of increas- 
ing alkali reserve and of alkaline pH of the tissues of the callus. 

Alf Gundersen, La Crosse, Wis., presented data concerning transurethral pros- 
tatic resection in 100 patients over 75 years of age. The postoperative mortality was 
5 per cent. Follow-up examination of 76 patients revealed satisfactory results in 
72 cases. The prostate should be removed by radical operation (four-fifths of the 
gland); bleeding should be meticulously controlled; and asepsis is of great impor- 
tance. 

In the discussion, Stein F. Holst, Oslo, stated that 403 patients had been treated 
for disturbances of the prostate at the Vor Fru Hospital during the past seven 
years. The operative mortality of transurethral resection was 3.8 per cent, and of 
prostatectomy was 9 per cent. Sixty-tliree of the patients were over 75 years of age. 

Thesis HI. Epiphyseolysis Capitis Femoris. The discussion was introduced 
by Henning Waldenstrom, Stockholm, and Poul Morville, Copenhagen. 

H. Waldenstram, Stockholm, stated that epiphyseolysis, gradual gliding, and 
dislocation of the epiphysis of the hip joint are synonymous terms indicating dis- 
location of the epiphysis caused by some deficiency of the solidity of the bone layer 
extending from the cartilage of the epiphysis to the metaphysis. The action of the 
muscles and the weight of the body cause dislocation of the epiphysis backward and 
downward, the cup-shaped epiphysis rotating around the metaphysis; the femur is 
pushed upward, rotating outward. Endocrine disturbances are probably the causa- 
tive agents of this process. This assumption is supported by the facts that: (1) 
onc-third of the cases occur in the adiposogenital type; (2) dislocation occurs only 
during puberty; (3) the affection is bilateral in one-fourth of the eases; and (4) 
two-thirds of the cases develop the disease without any external injury. The 
dislocation does not occur suddenly; there is a gradual slipping. If diagnosis be 
established early, proper treatment may give favorable results. Every boy or girl 
limping ever so slightly should he carefully examined, and if the slightest restric- 
tion of mobility is found, an x-ray examination should be carried out, including 
lateral films. The lower part of the epiphysis glides over the metaphysis, cover- 
ing it like a claw. The epiphyseal line is broad. If the epiphysis heals at this stage 
and its position is securely fixed, the hip joint will become normal. As long as 
the endocrine disturbance persists, a renewed dislocation in one or the other direction 
may occur. In the lecturer's own experience 25 per cent of the cases were bilat- 
eral, and the epiphysis tended to shift its position for about one and one-lialf years, 
hut not longer. Pressure against the epiphysis must be eliminated, especially at 
the beginning of the process, in order to permit the epiphysis to heal and become 
fixed ns soon ns possible. Adhesive plaster extension should be applied for two 
to three months. After this period the patient should walk with crutches and with- 
out weight-liearing on the injured extremity for four to eight months, and finallv 
he should walk with the aid of sticks until the dislocation process stops, which, as a 
rule, occurs nt the end of a year. It is important to allow some mobility within 
the hip joint. Adhesive piaster extension permits this, but plaster of Paris does 
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Jiot. So-called reposition performed under anesthesia is usually unsuccessful and 
also carries a risk of destruction of the joint (caput necrosis) in 20 per cent of the 
patients. Skeletal traction by means of a wire through the femoral condyles, without 
internal rotation, may be used, but not for longer than ten days. 

Poul Morville, Copenhagen, stated that epiphyseolysis usually develops gradu- 
ally, but it may appear acutely' following trauma in a patient with latent dis- 
turbances. The slipping process comes to a stop when synostosis between the caput 
and collum develops. Follow-up examination after two to fifteen years following 
treatment reveals that many cases are improved, but many also show disturbances. 
Some patients develop a secondary 'arthritis of the hip at an early age. There is 
doubt whether manipulation yields any better results than prolonged bed rest 
without any attempt at correction. Manipulation does not correct rotation between 
collum and caput; the apparent reposition is due to the collum ’s being pressed into 
the caput. Traumatic arthritis may develop. Treatment by extension probably 
interferes with synostosis between caput and collum. In mild cases with slight 
dislocation drilling through the collum femoris may help to stop the slipping and 
to develop synostosis within two or three months. In cases of moderate or exten- 
sive dislocations, traction should be applied for a short time followed by drilling. 
In neglected cases with extensive dislocation, osteotomy should he performed. 

In the discussion, N. A. Nicolayson, Bergen, expressed the opinion that blood- 
less reposition is possible and is justified in cases of extensive dislocation, especially 
in cases with traumatic epiphyseolysis presenting a short history. He reported IS 
cases, 9 treated by reposition and 9 by conservative methods. The cases treated by 
reposition exhibited more favorable results. 

H. Camitz, Qoteborg, stated that plaster of Paris may be applied in rare cases 
when the dislocation is not more than two or three weeks old. Wien conserva- 
tive treatment is unsuccessful, osteotomy should be used to correct the external 
rotation. 


H. Ddhlen, Oslo, stated that tall, heavy individuals with weak body' structure 
and clumsy movements present this affection. Treatment should vary with the 
duration of the dislocation. In a series of 10 cases, 6 had been treated after two 
months by reposition and application of plaster of Paris with excellent results; 1 
case treated after ten weeks by reposition was unsatisfactory; and 3 later cases were 
not treated. 


H. Thrap-Meyer, Oslo, reported epiphyseolysis in a father (bilateral) and son 
(unilateral). In both cases the disease appeared at the usual age and was occa- 
sioned bv relatively light trauma. The son was treated by open operation, and 
after two years the bending capacity was satisfactory, but mobility in the horizontal 
plane was reduced. 


P G. K. Bentzon, Aarhus, presented stereoscopic roentgenograms to support 
his contention that reposition under anesthesia may be a proper procedure. None of 
his cases treated in this manner had manifested symptoms of insufficiency, nor did 
roentgenograms Teveal pathologic changes. The method of treatment should not bo 
aluated on the basis of improperly treated patients who had been immobilized in 
tn ‘ " Paris in a position of forced internal rotation and abduction. Criteria of 
P a ' reposition are unimpeded internal rotation and stereoscopic roentgeno- 
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A. Brekke, Stavanger, reported a patient who had remained symptom-free two 
years after bloodless reposition. Cases of extensive, acute dislocation following 
trauma are more suitable for bloodless reposition than those with a slow slipping 
process. 

J. Waldenstrom, Falun, suggested that better results might be obtained if the 
patients could be centralized in orthopedic departments. 

F. Langenskiold, Helsingfors, opposed drilling and nailing and used reposition 
methods in only a few cases when extensive dislocations were due to severe 
trauma. As a rule his treatment consisted of the application of a walking ap- 
paratus which protected the joint. 

Guidal, Copenhagen, stated that it is not clear which method of treatment is 
best. Genuine dislocations of the epiphysis are not suitable for operation. Os- 
teotomy is indicated in neglected cases. 

Henning Waldenstrom, Stockholm, stated that most of the roentgenograms 
which had been shown were taken in such a manner that no conclusions concerning 
the results of reposition could be drawn from them. Neither did they show any 
evidence that necrosis is common following reposition. If the epiphysis is closed 
or almost closed, as the majority of roentgenograms showed, an attempt at reposition 
could not cause necrosis, but neither is reposition possible at this stage in most 
cases. It appears, however, from the statements expressed in the opening lectures 
that so-called reposition causes necrosis and destruction of the joint in many cases. 

P. Morville, Copenhagen, advocated gradual extension rather than reposition 
under spinal anesthesia for epiphyseolysis. The patient should be controlled and 
treated until the roentgenogram shows synostosis. 

E. Platou, Oslo, read a paper concerning experiences with the Smith-'Petersen 
acetabuloplastic procedure. This has been published in Nordish Medicin, 1940. 

P. Teilmann, Gram, reported a case of vertebra plana in a 5-year-old boy. Two 
Norwegians, Biilov-Hansen and Heyderdal, described a case of this disease prior 
to Calve ’s report. Not more than 20 cases have been reported, and most of them 
from Scandinavia. The disease is assumed to be an aseptic bone necrosis caused by 
some unknown factor. Diagnosis is established by the roentgenogram. The treat- 
ment is the same as for tuberculous spondylitis. The prognosis is good. The pa- 
tient should he carefully controlled when lie becomes ambulatory and when he is 
permitted to discard his corset. 

In the discussion, Halfdan Sundt, Stavern, stated that it is difficult to decide 
whether such cases should be treated at all. Most of them show complete clinical 
recovery whether they arc treated or not. Protection of the affected area, is one 
of the important points of treatment. He had seen 1 patient with this condition. 

Sven Johannson, Giitehorg, pointed out that steel is the most widely used ma- 
erial for osteosynthesis because of its strength and resistance to corrosion. Jle had 
experimented with various types of chromium-nickel steel and had found that an 
alloy, including 00 per cent nickel, 15 per cent chromium, and 16 per cent iron, was 
most suitable. The resistance to corrosion was measured bv placing the material 
into a physiologic solution of salt containing 1 per cent of gum arabie and 0.02 
per cent of potassium ferricyanide. The amount of ferroferrievnnide produced was 
determined colorimetrically. 

Etnar Ljungrcn, Solleftcfi, discussed the diagnosis and treatment of tuberculous 
epididymitis and reported OS cases treated at the Maria Hospital in Stockholm 
(Key). In 31 eases the affection was associated witli tuberculosis of the kidnevs 
and renal lesions always should he sought for in cases of tuberculous epididymitis! 
The primary genital lesion frequently is in the prostate or seminal vesicles. 
Urethrographir examination is important, and in 2$ patients it showed 14 ease?" 
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with cavity formations in the prostate. Most of the patients were treated by 
epididyinectoiny, if possible, or by orchidectomy. Early operation is desirable. Gen- 
eral hygienic and dietetic measures should be applied. Twenty-seven per cent of the 
cases treated by opera! ion died within five years, most of them from tuberculosis. 

In the discussion, T. Hellstrom, Stockholm, stated that, if the diagnosis of 
tuberculous epididymitis is doubtful, epididyinectomy should be performed. Even 
septic epididymitis sometimes develops very slowly. Patients suffering from epi- 
didymitis frequently respond well to injections of neosalvarsan. 

Helge B. Wulff, Lund, discussed the treatment of tuberculous lymphadenitis of 
the neck, based upon a series of 222 cases treated by surgery (100 cases) or by 
x-ray (122 cases). The patients were followed for periods of six to ten years. The 
recurrence rate was the same for both groups (13 per cent). Seventy-eight per cent 
of the cases treated surgically and 63 per cent of the cases treated by x-ray were 
cured. It is advisable to individualize when selecting the method of treatment. 

Gunnar Nystrom, Upsala, demonstrated a method of multiple nailing for frac- 
ture of the neck of the femur, which had been used in 30 cases at the Out-Patient 
Department of the University of Upsala. Comparatively small, stainless steel nails 
had been used. The method seemed to carry less risk of dislocation of the frag- 
ment and of the nail than in the case of the Smitli-Petersen nail. 

In the discussion, J. Hellstrom, Stockholm, stated that, among 99 cases of osteo- 
synthesis for fracture of the neck of the femur at the Maria Hospital, the follow- 
ing complications had been observed. In 8 cases the head had rotated when the 
nail was driven in; necrosis of the head had occurred 5 times; the nail had broken 
in 1 case six months after the operation; the nail had been driven into the acetabu- 
lum in 5 cases and had slipped out 16 times. Such complications might be avoided 
by applying the method proposed by Nystrom. 

Anton Poulsson, Oslo, demonstrated an apparatus for directing the nail in 
cases of fracture of the neck of the femur. It had been used in 42 cases, and in 
every case an ideal position had been obtained at the first operation. 

In the discussion, B. Bager, Stocksund, pointed out that he had described a 
simplified method of osteosynthesis in Der Cliirnrg, 1939. 

G. Levander, Hoping, described the operative treatment of pseudoarthrosis by 
transplantation of living bone tissue. He used a paste made of thin strips of bone 
chiseled from the lateral aspect of the tibia and bone flour and blood obtained by 
drilling. This was applied to the defect in the bone. In 5 cases treated by this 
method there was satisfactory bone repair. The healing process required about 
two months. 

N. Silfverskiold, Stockholm, summarized the characteristic features of tumors 
of the synovia. They develop very slowly and present diagnostic difficulties. They 
show a*tendency to metastasize, and the prognosis is grave. Amputation should ho 
performed immediately upon making the diagnosis, and postoperative radium 
therapv should be applied to the regional lymph nodes. The author had seen 3 
cases of synovial tumors. 

gmith-Petersen, Boston, delivered a lecture concerning arthroplasty of the hip 
bv a method based upon a new surgical principle. 

The next Congress is to be held in Helsingfors in 1942. Professor Brofeld was 
elected president of this Congress. The following theses are to be presented: Thesis 
I Arthritis Deformans From the Surgical and Orthopaedic Point of View; Thesis 
li -Vcute Surgical Diseases of the Abdomen Associated With Pregnancy; Thesis 
III Peripheral Vascular Disease, With Special Consideration of Arthritis Obliterans. 

The membership of the society is 538; 45 new members were accepted, 19 had 
died, and 11 had resigned. 

.. ^ this* opportunity to thank Dr. George S. Bergh, of the Department 
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re~kz ‘-^~^ a ~’~ t^civgy. Certainly, if all the contained 

.1:*^:'- y t! re - g ;f\: M 

- ”d " ' ^ - c' r Iv:ge from one cf the more tho-o — ~ r 

■extcccxaL ^ 
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I ho chapter on ante-partum care is particularly wholesome in that it empha- 
sizes tho responsibilities of the one accepting the obstetric patient. Thorough- 
ness as a routine is emphasized throughout this chapter and he who is unwilling 
to do this should not be intrusted with the lives of two individuals in a single 
case. 

Conservatism is suggested in treatment of almost all obstetric complications 
and therapeutic abortion for active pulmonary tuberculosis is frowned upon. 
However, the suggested radical treatment of missed abortion would seem to have 
little to justify it in the light of infrequent or absent serious complications. The 
suggested conservatism with analgesia and anesthesia is a timely warning and 
well-founded reasons are given for the use of local infiltration and for keeping 
analgesia at a minimum. Up-to-tlie-minute classification of the toxemias of preg- 
nancy and treatment of pyelitis and puerperal infection with chemotherapy are in- 
cluded. Of particular importance is the thorough treatment of liydatidiform mole 
with curettage followed by prolonged biological tests for evidence of chorionepitheli- 
oma. 

The general tone of the whole book is one of simplicity, often to the point of 
sacrificing such strict and fundamental terminology as presentation of the fetus and 
presenting part. 


Proctoscopic Examination and Diagnosis and Treatment of Diarrheas. By M. H. 

Streicher, M.D. Pp. 149, with 39 illustrations. Springfield, 111., 1939, Charles 

C. Thomas, Publisher. $3. 

This is a single volume monograph of 149 pages, comprising seven chapters. It 
is printed on good paper and is very readable. 

Under “Armamentarium” various instruments are suggested. I feel that there 
are many instruments that the author uses efficiently, the ones with which the oper- 
ator is most familiar being the ones he should use. The man doing general work should 
familiarize himself with instruments as outlined. The importance of doing proc- 
toscopic examinations is stressed, as it certainly should be, for there is no part of 
an examination so commonly neglected. The author’s preparation and technique 
for proctoscopic examination are well described. Lesions are discussed and case 
reports are cited and treatment outlined. This volume is well illustrated with 
drawings and x-ray film reproductions. While not presenting anything pnrticu- 
larlv new, it is well worth reading and will not require more than part of an 
evenin' 1 '. The insistence on the examination of the rectum is commendable. 
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JEJUNOSTOMY FOR THE RELIEF OF MALFUNCTIONING 
GASTROENTEROSTOMY STOMA 

Arthur AY. Allen, M.D., and Claude E. AYelch, M.D., Boston, Mass. 

(From the Massachusetts General Hospital ) 

/'OBSTRUCTION at the anastomatic stoma following gastroenteros- 
^ tomy oi' gastric resection occurs with considerable frequency and 
is a very serious complication. Numerous contributions have appeared 
in the literature attempting to explain its origin ; yet, the cause is vari- 
able and usually not evident. Obstruction, therefore, cannot be pre- 
vented with certainty and, when it appears, the surgeon must treat it 
piomptly and correctly to avoid a fatal outcome. Since we have had to 
deal with this complication so often, we believe it is' worth while to 
lccoid our experiences with the method of treatment that we have found 
to be most satisfactory. 

Since postoperative obstructions should theoretically be relieved by 
correcting the cause or prevented by avoiding certain pitfalls, some at- 
tention must be paid to the various known ways by which obstruction 
maj e pioduced. Mechanical deficiencies in the anastomosis occasion- 
ally cause malfunction. One of the loops of intestine may be twisted so 
mt an actual kink is made. Sutures uniting the transverse mesocolon 
o le stomach above the line of anastomosis may give way or not be 
properly placed, allowing a segment of small bowel to herniate through 
ie open trap. The position of the anastomosis, the direction of the 
opening in the stomach wall, the question of an iso- or retroperistaltic 
a lection of the jejunal loop, and the length of the proximal limb of 
jejunum have all been more or less settled by laboratory data and clini- 
ca experience. The usual method in use in our clinic is a short loop 
anastomosis with proximal jejunum sutured to the lesser curvature in a 
kh e or less vertical direction at the junction of the middle and lower 

ids oi the stomach. Posterior anastomoses have been more popular 
mn anterior, both with gastroenterostomy and following partial gas- 
2^tomy. The use of lightweight rubber-covered clamps has been the 
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routine, since years ago it was felt that heavier clamps, on occasion, did 
cause thrombosis of blood vessels with subsequent edema and mal- 
function. Two layers of tine chromieized catgut have been used in most 
of the eases ; some have had three rows of catgut and a few anastomoses 
have been done with interrupted tine silk. Increasing experience has 
diminished the number of mechanical obstructions so that, in the series 
we are reporting, only one patient could be considered to have suffered 
from any technical error at the time of the original operation. 

Adhesions associated with a plastic peritonitis of low grade near the 
suture line have frequently been considered a cause for malfunction of 
the stoma. They are present, however, to some extent in nearly every 
case and, since some stomachs empty completely in spite of them, it 
offers a poor explanation for the anastomoses that do not function at 
all. In other words, it seems obvious to us that this is not often, if ever, 
the sole cause of trouble. We must include here the possibility of a 
dense adhesion between a segment of small bowel and the region of the 
anastomosis or raw fatty edge in the transverse mesocolon opening. Such 
could obstruct the bowel at the level of the adhesion and without hernia- 
tion. This makes it necessary to re-explore the abdomen at the time of 
jejunostomy to avoid overlooking this rare cause for obstruction. 

Acute dilatation of the stomach distorting the anastomosis is now prac- 
tically unknown, due to the routine use of the Levine tube. The tube is 
inserted before the operation and left in place for forty-eight to seventy- 
two hours afterwards. Its removal is dependent upon evidence of an 
adequately functioning anastomosis. Atonia of the stomach has also 
been blamed as a cause for its failure to empty. This is not uncommon, 
especially in the patient who has had a long period of preceding obstruc- 
tion before the primary operation on the stomach. Such a patient may 
clear up -his obstruction remarkably on a highly seasoned solid diet, 
when all previous efforts had resulted in persistent lack of peristalsis. 

Biochemical Factors. — The most tenable theory is that elaborated by 
Hard in . 1 He believes obstruction of the anastomosis is due to edema and 
emphasizes, with Jones and Eaton , 2 the importance of subclinical states 
of liypoproteinemia in the production of edema and malfunction. We 
-mree that obstruction is probably often due to edema in the region of 
the stoma. However, the serum protein measured in the usual fashion 
is normal in most of the patients with the complication under discussion. 


Despite these numerous theories, the actual situation found at second- 
tion is apt to reveal no satisfactory explanation of Ihe diffi- 
<U ‘' _ Preoperativc studies will usually show blood chemistry dctcr- 
CU - <■ to be within normal limits. At laparotomy, the stomach will 
imna 1 ^ small and not distended. A few loose adhesions will 

he f° 11 1 ^ about the anastomosis, but they rarely can be considered 

usual!.' JC s j n p on j] )C situation. The surgeon may well be per- 

to ha'O an> ‘ _ e ratcd for a very serious complication and has 
plexed, since he na 



ALLEN AND WELCH : MALFUNCTIONING STOMA 


165 


found nothing to explain it satisfactorily. However, numerous pro- 
cedures to correct the fault are available. Enierocnter ostomy between 
the afferent and efferent loops of jejunum was a favorite procedure in 
earlier years. It involves, however, many difficulties. Plastic adhesions 
about the anastomosis have to be broken up in order to identify the 
exact segments of jejunum. When a short loop posterior anastomosis 
has been made, the length of the afferent portion of jejunum may be too 
short to perform this operation satisfactorily. Enteroenterostomy in 
cases of duodenal ulcer carries the hazard of marginal ulcer after the 
patient has recovered from his original operation. For this reason 
alone, we believe it should never be done except when dealing with 
carcinoma associated with achlorhydria. 

A second gastroenterostomy is another procedure that has been em- 
ployed. If the original anastomosis has been placed posteriorly, an 
anterior gastroenterostomy is tried. The obstruction tends to recur in 
the new anastomosis from the same factors that caused it in the pri- 
mary stoma. It is only of value in case there has been some actual 
mechanical misadventure at the time of the original gastroenterostomy. 

Duodenojejunostomy has been performed to l'elieve malfunction, unit- 
ing the third portion of the duodenum to the descending loop of jejunum. 
This is accomplished after the duodenum is exposed through the trans- 
verse mesocolon. It may be a difficult operation and is open to exactly 
the same objections as an enteroenterostomy. 

Gastrostomy was a favorite procedure of some of the continental sur- 
geons before the Levine tube became popularized; this took the tension 
off an overloaded stomach and allowed edema to subside and the anas- 
tomosis to function. Some authorities, such as Perman , 3 have considered 
this operation to he the most satisfactory method of dealing with ob- 
struction. 

It has been suggested that postoperative obstruction null not occur if 
an inlying tube of the Abbott-Kawson 4 type is used, one portion of the 
tube being left in the stomach while the other enters the efferent loop of 
the jejunum extending well past the anastomosis. By this means, the 
stomach contents may be aspirated and immediately returned to the 
jejunum ; also, it has the advantage that early feedings may be intro- 
duced into the jejunum. While this may be of value in some cases, 
the fact, that when true obstruction occurs, three weeks usually elapse 
before the stoma reopens, means that the nasal tube would need to be 
retained for this long period in those very eases in which it is most 
desperately needed. Such continuous retention of the nasal tube is not 
only uncomfortable to the patient but has definite hazards, aside from 
an irritating pharyngitis. Tglauer and Molt 5 have reported several 
instances of a necrosing laryngitis requiring tracheotomy for relief. 
It is also very difficult to retain a nasal tube over a long period of 
time if the patient has any pulmonary complications at all. 
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Jcjunoplasiy lias recently been proposed by Hoag and Saunders 0 as 
a method of treatment. This involves actual exposure of the anastomosis 
with a plastic procedure upon the stoma. We have had no experience 
with this operation. It is of considerable interest but involves a rather 
extensive dissection on a jiatient that is very ill. Follow-up studies on 
patients treated by this method may show that marginal ulcer will 
follow as frequently as it does after enteroenterostomy. 

Jejunostomy has also been used extensively. It has not been a popu- 
lar operation until recently. This is probably due to the fact that the 
inlying nasal tube was not employed in earlier years. Thus, Perman 3 
found that the mortality following jejunostomy for stomal obstruction 
was 80 per cent in his series. The procedure, however, has evoked con- 
siderable interest in this country. Gibson 7 in 1900 performed jejunos- 
tomy as an adjunct to operations on the stomach in order that the pa- 
tient might be fed at an eai-ly period. Its use in the treatment of post- 
operative obstruction of the stoma has been advised by Graham, 8 
Walters and Hartman, 0 Pfeiffer, 10 and Clute. 11 

Jejunostomy, then, is one of the oldest operations devised for the mal- 
functioning stoma. Its advantages are: (1) the simplicity of the opera- 
tion; (2) the fact that the gastrojejunal anastomosis is left in the exact 
condition that it was planned originally; (3) the fact that it effectively 
maintains the patient’s nutrition until edema of the anastomosis subsides 
and obstruction is relieved. However, attention must be paid to the 
details and indications for this procedure in order that its application 
maj’ be successful. We believe it is not jejunostomy itself, but jejunos- 
tomy that is performed according to certain indications and in a certain 
fashion that constitutes the best method of dealing with postoperative 
obstruction of the stoma. 


The material from which these data have been drawn has been col- 
lected from the cases observed in the Massachusetts General Hospital 
from the years 1936 to 1940, inclusive. The first four cases in the series 
have been treated by us personally and the others by various surgeons 
on the staff (Table I). The actual technical procedures often varied 
considerably so that conclusions may be drawn with regard to the best 
method. We shall attempt to set down a critical analysis of our ex- 
perience with this operation. 

In our clinic jejunostomy has been employed as a preliminary pro- 
cedure to operations upon the stomach, as a concomitant operation to 
cr trie surgery being done at the same time, and, third, as a measure for 
" ilS 1 postoperative obstruction. The performance of preliminary 

10 ‘omitant jejunostomies has been urged as a measure to improve 
°r cone ^ ^nd ti uls prohibit or decrease the number of posfopera- 

general n Preliminary jejunostomy is not without its hazards, 

live comp ica i • ^ { j ie s(oma j s placed too low in the flank, it may 
We have fount ‘ ’ 1)0Ul which the small intestine may herniate, 

constitute a fixed po 
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Table I 


Frequency op Postoperative Obstruction 


TSPE OP OPERATION 

OPERATIONS 

JEJUNOS- 

TOMIES 

FREQUENCE 

OF 

OBSTRUCTION 

Gastrojejunostomy 

Posterior 

73 

7 

9.7% 

Anterior 

11 

0 


Gastric resections 

Posterior gastrojejunal anastomoses 

102 

5 

3.1 

(Polya, Billroth II, Hofmeister) 
Anterior gastrojejunal anastomoses 

21 

1 

4.1 

(Polya, Hofmeister) 
Gastroduodenal anastomoses 

7 

2 

29.0 

(Billroth I, gastroduodenostomy) 
Pyloroplasty 

5 

0 

— — 

Total 

2S2 

15 

5.3 


producing intestinal obstruction. Jejunostomy performed in tlie Witzel 
fashion lias actually been found to have obstructed the portion of small 
intestine proximal to it. Also, it requires usually about three weeks of 
jejunostomy feeding before any actual improvement can be noted in the 
patient s general condition. Often one cannot measure this improve- 
ment since the laboratory findings and weight chart may remain un- 
changed. There can be no doubt that such patients do withstand a large 
resection better if the ingestion of food has been interfered with for 
some time before. It probably should be used with greater frequency. 

Concomitant jejunostomies have been used almost routinely with 
total gastrectomies in our clinic and occasionally in patients who ap- 
pear to be poor operative risks from prolonged starvation. Further 
experience may show that we should employ it more often than we do 
now. It prolongs the operating time only a few minutes and often 
shortens the convalescence materially. 


t is possible that the number of postoperative jejunostomies may 
>e diminished by attention to the special patients who are likely to 
cevelop obstruction; in such cases jejunostomy should be done con- 
comitantly with the original operation. Thus, the percentage of obstruc- 
., f„ inS postenor gastroenterostomy is considerably higher than 
d is following resection of the stomach. Patients with thick fat meso- 
colons are prone to develop obstruction, especially if the posterior anas- 
losis is employed. Secondary operations, as for stomal ulcer, earrv 
mi e mzard if the mesentery of the jejunum is very short so that an 
an emr anastomosis cannot be made. Placing the new anastomosis 
i ouji the unavoidably scarred and traumatized opening in the meso- 
colon is conducive to malfunction. Such patients may do well to have a 

.jejunostomy at ^ ie ^ me of the original operation. 

Assuming that operation has been performed and jejunostomy has 
not been done, the patient must be carefully observed for any signs of 
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postoperative obstruction. The inlying nasal tube is allowed to drain 
by gravity and is aspirated at least every two hours. The patient is 
given nothing by mouth on the day of operation, an ounce of water an 
hour on the next, and two ounces on the second day. The fluid taken 
in by mouth is carefully noted and compared with the amount that is 
aspirated from the Levine tube. If the amount swallowed exceeds 
that withdrawn, the gastric balance is said to be positive ; on the other 
hand, if the patient puts out more fluid through his nasal tube than 
he takes by mouth, his gastric balance is said to be negative. In the 
usual case, there is a slight negative balance of 100 to 200 c.c. during 
the first forty-eight hours; the balance then becomes positive and 
remains so.. Patients who are to develop obstruction will often show 



xpjrr i Technique of jejunostoiny : A, a purse-string suture has been inserted and 

iaiunuxn is opened with scissors. £, the catheter is inserted, passage being facili- 
J bv introduction of saline solution through a syringe. G, a second purse-string 
suture is made. D, omentum is brought about the tube. 


as o-reat a negative balance as 1,000 c.c. on the first postoperative day. 
This immediate obstruction is by far the most common type. Other 
tients soon have a positive balance; the nasal tube is withdrawn at 
the usual time and then suddenly on some later day obstruction is dis- 
•ed The sixth to the eighth day is the most common time for de- 
. C0 ' , 0 { )S truction to appear; however, if must be emphasized that signs 
f truction usually date from the time of the original operation. 
°* 0 „ •„ nftpn clouded bv clinical optimism or bv failure to 

ItS f CS fL aspirations to test the gastric residual, 
employ • | ja | ance js negative and obstruction is definitely pres- 

I£ the gas w .,tch the patient for a short period of time. Many 

ent, it is " 1 ® e i.. „ small negative balance for a few days, in- 

patients will hmc only 
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dieating that a large proportion of the gastric contents are passing 
through the anastomosis. In such cases, further conservative therapj r 
is indicated. Other patients run a negative balance from 1,000 to 3,000 
c.c. daily ; they should be regarded as completely obstructed and re- 
operation is indicated at an early date. Long-continued negative bal- 
ances, even though they be small in amount, are likewise extremely 
dangerous and often must be corrected by reoperation. From a study 
of our cases, we have obtained the impression that the great danger is 
the omission of this operation until too late. The hazard does not 
lie in the procedure itself but in delay, during which time the patient’s 
resistance is lowered and he becomes prey to other complications. 
Thus, patients dying of late obstruction die of pulmonary complications 
as a general rule ; they must be regarded as much poorer risks than their 
general condition indicates or than their blood chemistry tests may show. 



Fig. 2. Diagram illustrating the final position of the jejunostomy catheter. 

To wait until the patient actually needs the jejunostomy to maintain 
his general condition is to wait too long. This is especially true in the 
older age group. The mortality of obstruction in the patients whose 
age is 50 years or over is nearly 50 per cent, while none in this series 
hate succumbed to that complication who were under the age of 50 
t ears. In addition, all patients above 50 years of age who had reopera- 
tion lie fore ten days of obstruction had elapsed recovered ; while of the 
five patients who had reoperation after ten days or more of obstruction, 
there was only one recovery. ’With the younger age group in whom 
resistance is higher, operation can he deferred for a comparatively Ion" 
period of time without fatal outcome. W T e believe that reoperation 
should bo done in the older age group a week after obstruction has oc- 
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curred, while with those patients under 50 years of age it may be de- 
ferred for a few more days if the patient is in good condition and if there 
are clinical and laboratory data that offer hope of further improvement. 

It is sometimes desirable to prove the diagnosis of obstruction by the 
oral administration of a little barium followed by fluoroscopic observa- 
tion. The barium usually passes slowly through the anastomosis and 
then entirely stops about one inch below the stomach in the region of 
the efferent loop. Occasionally under the fluoroscope one may find that 
a certain posture enhances the passage of stomach contents into the 
efferent jejunal limb and, by utilizing this position after feedings, the 
situation will gradually clear up. 

When reoperation is performed, certain technical details are extremely 
important. Spinal anesthesia, evipal, or local novocain block may be 
used. An adequate incision is necessary. We believe the best approach 
may be gained by reopening the previous operative wound. This will 
allow inspection of the anastomosis and elimination of any mechanical 
cause of nonfunction. Correction of such a mechanical cause, if found, 
should be supplemented by a jejunostomy. Plastic adhesions about the 
anastomosis should not be divided since they will only re-form in a 
more dense fashion. The efferent loop of jejunum should be accurately 
identified and visualized over a distance of 18 inches below the site of the 
anastomosis. It must be ascertained that there are no bands obstructing 
the intestines below this point. 

The most common errors of jejunostomy will have been avoided by 
these details. Often one is tempted to wait until the patient is in such 
precarious condition that he will stand no other anesthesia than a little 
novocain in the abdominal wall. Through a tiny subcostal incision, an 
attempt is made to define the efferent loop; it is usually impossible and 
a tube is placed in a portion of the jejunum that, may be entirely un- 
satisfactory. One ease in this series had definite obstruction from a 


point below the site at which the tube was inserted so that the jejunos- 
tomy did more harm than good. 

The loop of jejunum selected for insertion of the tube must be one 


that will lie comfortably just beneath the left costal margin in the nipple 
line without any tension on either the upper or lower limbs; usually 
this is about twelve inches below the anastomosis. The site selected for 
the stab wound must not be too low or too near the midline, since the 
small bowel may rotate about the fixed point if the intestine is carried 
war from its natural position. The jejunum is carefully protected 
1 moist gauze packs and a purse-string suture of No. 00 chromic 
j introduced. The jejunum is then opened at this spot and a 
N "lG French whistle-tipped catheter inserted. The tip of the catheter 
IS0 ‘ ' t distally down the jejunum. It is extremely easy to direct 
must pom • un ] ess care is taken. Introduction of the catheter ■ 
it the oppo ' ^ t j 10 gentle insertion of normal salt solution 

is often aci i < an a septo syringe during the time the tube 

through the catheter 
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is being inserted into the bowel. After six inches of the catheter ha\ e 
been placed within the jejunum, the purse-string suture is tightened 
and then carried through the wall of catheter to anchor it in position. 
This first suture is then buried by a second inverting purse-string 
suture placed about the catheter not more than one-fourth inch outside 
of the original. The catheter is then brought through a small opening 
which is made in the great omentum and out through the stab wound in 
the left subcostal area. There should be no kinking of the jejunum at 
the time the abdomen is closed. We have tried bell-tipped catheters for 
jejunostomy and given them up since they have no advantage over the 
whistle-tipped tube and on one occasion at least failed to function due to 
compression of the flange by the purse-string suture. 

We have found this to be a much more satisfactory procedure than 
the Witzel type of jejunostomy. The Witzel method in a bowel of nor- 
mal size will reduce its lumen quite markedly so that the added edema 
of operation may produce subacute obstruction. This occurrence has 
been noted occasionally in patients on whom this type of jejunostomy 
was done as a preliminary procedure to gastric resection. The Witzel 
jejunostomy is also more difficult and time consuming to perform. It 
possesses no advantages over the simple purse-string jejunostomy. Fol- 
lowing the removal of the catheter in either type, leakage from the ab- 
dominal sinus will cease almost immediately. 

Following the jejunostomy, the surgeon is then committed to what 
may seem to him to be an interminable period of waiting until the edema 
about the original anastomosis subsides and stomal obstruction is re- 
lieved. During this period, he will probably attempt many variations 
of the oral intake in an attempt to relieve the obstruction. However, 
relief is a matter of time rather than any other factor. The surgeon 
must possess the courage to realize this fact and to persist until ob- 
struction is finally overcome. In our cases this has occurred any time 
from fourteen to fifty days after the resection. The average length of 
time after jejunostomy before obstruction is relieved is twenty-two 
days in this series. 

It is important that the patient’s nutrition be maintained during 
this period of time and the stomach kept empty by an inlying nasal tube. 
If the nasal tube becomes uncomfortable, repeated gastric aspirations 
may be employed instead. The matter of feeding through the jejunos- 
tomy tube in our experience has been a totally individual problem. No 
one diet that can be specified for one person is apt to be satisfactory for 
another. There are a few features that are important, however. The 
first is that so far as possible it is wise to return the contents aspirated 
from the stomach into the jejunum. Occasionally, at certain stages, it 
may be possible to allow the patient to have a certain amount of food by 
mouth, withdraw the partially digested contents, and return them to 
the jejunum. In the early stages of feeding, milk and lime water mixed 
in equal pai’ts are usually best tolerated. Saline solution often starts a 
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severe diarrhea ; this may In: avoided by the use of tap water as a basis 
for any leadings tiiat are employed. After the jejunum tolerates simple 
liquids, the caloric intake may be ineroased and varied. 12 Any suitable 
food that can be divided finely enough to be forced through t he tube 
van be given. The exact diet is quoted in one of the eases cited at the 
end of this article in order that its variegated nature may be apparent. 
Any tendency to diarrhea is easily controlled by an occasional teaspoon- 
ful of paregoric inserted in the jejunostomy tithe or added to the feed- 
ings. "We formerly used tincture of opium for this purpose, hut pare- 
goric as suggested to us by Graham' is more effective. The urinary 
output can be kept at. a satisfactory level usually by the jejunostomy 
feedings; if, however, it is not adequate, intravenous saline solution 
can bo used. 

Frequent determinations must lie made of iho blood chemistry. The 
nonprotein nitrogen has remained normal in about half our cases, but 
in the other half has risen appreciably. In certain cases this has defi- 
nitely been the effect of an underlying chronic nephritis; in others the 
nonprotein nitrogen seems to have risen for no apparent reason. The 
serum protein will usually require maintenance by means of repeated 
transfusions, although after protracted jejunostomy feedings sufficient 
protein may be acquired in this fashion to maintain an adequate level. 
The serum chloride will often be found to fluctuate and this again can 
lie easily controlled by means of either intravenous saline solution or 
distilled water, as the case may indicate. 

Patency of the stoma may finally be determined by use of the barium 
meal. As soon as the gastric balance becomes positive, improvement is 
extremely rapid. The jejunostomy lube is usually removed a few days 
after the gastric balance is satisfactory. After the patient has definitely 
improved, it is well to withhold jejunostomy feedings for twelve bom’s 
periodically. Unless this is clone, one may find the stoma widely open 
and ready for mouth feedings in spite of an apparent, negative balance. 


This is explained in two ways-, some of the jejunostomy feedings re- 
gurgitate into the stomach and are withdrawn through the Levine tube; 
also, there must, be a physiologic need for food to pass through the stoma 
and the upper jejunum must be empty before this need asserts itself. 
The cases that, we have treated by jejunostomy are summarized in 


Table II and are abstracted briefly at Iho conclusion of this article. We 
have found that obstruction, which is first noted immediately after 
•ation and in which a negative gastric balance continues from that 
time on is the most serious type. On the other hand, those cases in 
hicli the gastric balance is first, positive for six to eight days and 
", truc tion B then follows have a comparatively good prognosis. Pa- 
‘V 8 t with immediate complete obstruction will practically always 
tien s piuuostomy f° r relief at an early date if they arc to survive, 
requue < .1 I ^ develops late, conservative procedures, such as re- 

If the o s in . ,- „ s an( j a reduction in the fluid intake by mouth, 
peated gastric aspnmm - ■ 
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will often produce relief without the necessity of surgery. Two or 
tliree days of conservative treatment are often enough in the latter 
group, hut not over a week of obstruction should he allowed to pass 
ltd ore a jejunostomy is done. It is impossible to estimate accurately 
from our records the number of patients who have a mild temporary 
obstruction from which they recover without surgery. Jt is our impres- 
sion that about as many patients are treated in a conservative fashion 
as require reoperation. In all of these mild cases there has been no 
prolongation of the usual hospital stay and in only a few of them were 
symptoms marked enough to require any notation in the progress notes. 
No deaths occurred in this group in which obstruction could have con- 
ceivably played a role. 

On the other hand, all the severe forms of obstruction were treated 
by reoperation. All of the reoperated cases, with one exception, had 
a jejunostomy performed and arc summarized in the clinical abstracts. 
The other case recovered after an enteroenterostomy, a complete kink 
of the efferent loop having been found at reoperation. This is the 
group which, according to Hoag and Saunders, 0 has an expected mor- 
tality of 60 to 75 per cent.. 

In our series of .15 cases treated by jejunostomy, 5 patients had car- 
cinoma of the stomach, while 10 had an ulcer, of which 9 were duo- 
denal and 1 gastric. Half of the obstructions followed posterior gastro- 
enterostomy. Five followed resections with posterior anastomoses (4 
Polya, 1 Ilofmeister), 1 followed resection and an anterior anastomosis 
of the Ilofmeister type, and 2 followed a Billroth I procedure. When 
comparison is made with the number of these operations done in the 
clinic during the same period, it is shown that in this series gastro- 
enterostomy was definitely more likely to be followed by obstruction 
than were the resections with posterior anastomoses. In our series of 
o-astric operations in the last five .years about 1 patient out of 10 de- 
veloped obstruction following a posterior gastrojejunostomy, while 
about 1 out of 30 had the same complication after resection and pos- 
terior anastomosis. The frequency of postoperative obstruction, there- 
fore has been three times greater after posterior gastroenterostomy. 
Our experience with anterior anastomoses either of the Ilofmeister or 
Polya has not been extensive, but obstruction does not appear to be 
less" common. This is due, in part, to the use of anterior anastomoses 
' certain cases described above in which posterior anastomosis would 
have been almost sure to cause obstruction. It is interesting that the 
1 r of postoperative obstructions following the few Billroth I re- 
^tlons were comparatively high ; this has been emphasized frequently 


1U 10 f the patients had definite negative gastric balances beginning 
r *' en > , os toperative day and continuing thereafter until operation 

on the hi s p c f] ic patients in whom the obstruction devel- 
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In the group of patients 50 years of age or under, there were no 
postoperative deaths. All of them had ulcer. The secondary operation 
was performed from five to fifteen days after obstruction had been 
noted. In other words, it seems that the young patients are com- 
paratively good risks and will occasionally tolerate a long period of 
obstruction. 

Ten of the patients were over 50 years of age ; 5 of them had ulcers 
and 5 had cancers of the stomach. Two of the ulcer patients and 2 
of the cancer patients died. The ultimate result then did not seem to 
depend so much on the underlying disease as it did on the fact that 
of the patients who had the jejunostomy performed under less than 
ten days after the obstruction began none died ; while of those patients 
who had it delayed over ten days, all succumbed with one exception. 
The length of time the obstruction persisted after jejunostomy was 
done seemed to bear little relation to the date that obstruction first 
occurred. In other words, while late obstruction is usually mild, it 
can be fully as persistent as the immediate type. 

Summary . — Early postoperative gastric obstruction following gastro- 
enterostomy or gastric resection is due, in nearly every case, to edema 
in the region of the stoma. Relief may be secured in several Avays, 
but, if the patient can be kept alive and in good physical condition for 
a period that has varied from fourteen to fifty days in our series, the 
edema will subside and obstruction be relieved. The operation of 
choice for this complication is jejunostomy. It has been required for 
postoperative obstruction 15 times in a series of 282 gastric operations 
in the past five years in this hospital. Mild obstructions occur nearly 
as frequently but subside promptly and carry no mortality. 

Large negative gastric balances beginning immediately after opera- 
tion usually mean that reoperation Avill lie necessary. Persistent nega- 
tive balances, eA’en if they are small, are nearly as dangerous. The 
important consideration is that the second operation be done at an 
early date AA'hile the patient is still in good condition. We belieA'e that 
a Aveek of obstruction is sufficient indication in patients over 50 years 
of age, AA'hile younger patients may be alloAved a slightly further delay. 

When jejunostomy is done, it should be performed through an ade- 
quate incision, preferably through the original operative Avound. We 
adA'ise a No. 16 French AA'histle-tipped catheter held in place by tAvo 
closely placed purse-string sutures. The catheter is brought out through 
the great omentum and through a subcostal stab AA'ound. 

There Avere four deaths, indicating a mortality of 27 per cent in 
those patients obstructed severely enough to require reoperations. 
These four Avere all over 50 years of age and had had over ten days of 
obstruction before the jejunostomy Avas done. 
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J. JSni’ly postoperative obstruction of 1 lie gastroenterostomy stoma 
may bo allowed io oontimio a week if tin* patient is over 50 years of 
ape, or slightly longer if he is young and in good condition. 

2 . Keoporation is indicated if obstruction still is present at that time. 

0. The most satisfactory method of treatment is jejunostomy per- 
formed through the original wound with a No. l(i French whistle- 
tipped catheter placed in the .jejunum by a purse-siring technique. 


CASK nlSTOiilK.S 0 


Cask 1. — C. II. (1*. II. Xo. BI12), n 45-yonr-old male, was admitted to tlie hos- 
pital on dan. Hi, ltiM, because of repeated gastric hemorrhages. 

Seven years before be bad bad a transection of the pylorus ami a posterior 
gastroenterostomy performed by another surgeon because of a bleeding duodenal 
ulcer. Postoperat ively, despite adherence to a rigid diet, after a respite of three 
years, lie began to have recurrent hemorrhages. During this period several x-ray 
examinations were made. There was never any evidence of a gastrojejunal ulcer. 
The gastric rugae were prominent. The barium left the stomach very slowly 
through the gastroenterostomy stoiun. A gastric residue was still present at the 
end of twontv-four hours. 


He entered the hospital this time two weeks after his lust hemorrhage for con- 
sideration of surgery. It was thought that his bleeding originated from hyper- 
trophic gastritis and that his stoma was too narrow to allow regurgitation of the 
contents of the duodenal loop. 

Examination at entry allowed a well-developed and well-nourished man. He 
weighed 1G0 pounds and was in excellent general condition. The physical exami- 
nation was essentially negative. His blood pressure was 120/S0; his pulse, 70. 
The led cell count was 3,070,000; white count, 6,700; and the differential count, 
normal. The bleeding time was minutes. The clotting time was 7, 13, 20, and 
23 minutes in four tubes. Clot retraction was normal. The blood cevitamic acid 
was 0.0 mg. per cent; the plasma protein, 6.5 per cent. A liver function test was 
normal. The stools were negative to guaiac. A gastric analysis showed 36 c.c. 
of 1/10 normal HCI acid and 44 c.c. of combined after a test meal of 50 c.c. of 


alcohol. 

Another x-ray examination showed evidence of gastritis, but none of ulcer. 
A "astroscopy was done by Dr. E. B. Benedict. The gastroenterostomy could not 
be "visualized. There was a marked superficial and hypertrophic postoperative 
gastritis with erosions and hemorrhage. 

flooration was performed on Jan. 30. Dense scar tissue was found about the 
a The gastroenterostomy was identified. It was tightly constricted by a 
. ’ , mesocolon, nearly 2 cm. in thickness. The stoma was found in a 

•v, ’ ^ 'tion so that the antrum formed a kind of pouch, capable of holding 
1* c ’ c There was no evidence of residual duodenal or a gastrojejunal 
near)} j ower two-thirds of the stomach, together with the stoma, were re- 

ulcer. e nd-to-end aseptic anastomosis of the jejunum was made. A Hof- 

sected. - 11 ^ gastrojejunostomy was performed. Although the inflamed meso- 

meister type - - or anastomosis unsatisfactory, it had to be done, since a short 
colon made a P os precluded an antecolic procedure, 

mesentery of tn e J ■> 

„ mentioned briefly by the senior author (A. W. A.) in the 

•Cases 1 . 2. and 3 w ere Hoae aIld Saunders.- 

of tnt F‘ v *' 


discussion 
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The pathologic specimen measured 14 cm. along the lesser curvature and 21 cm. 
along the greater. The whole mucosa was covered with small ulcerations, many 
of which were bleeding. The microscopic report was subacute and chrome gastritis. 

Postoperative!.!' an inlying nasal tube was left in place three days. During this 
time he daily put back 500 to 1,500 c.e. more through the tube than he took by 
mouth. The tube was withdrawn and he had no distress for three more days. On 
the sixth postoperative day the tube was replaced, and Wangensteen suction was 
instituted. He continued to run a negative gastric balance of nearly 1,500 c.c. 
daily. 

His blood chemistry remained normal. On the twelfth day, since the stoma 
was obviously obstructed, the abdominal wound was reopened. There was a great 
deal of edema and many fresh adhesions about the mesocolon. The anastomosis 
was intentionally not freed. Two fingers could be passed into it from above, how- 
ever. A jejunostomy was made with a No. 16 Pezzer catheter about eight inches 
below the ligament of Treitz, bringing the tube out through a small stab wound 
in the left subcostal aTea. 


Thereafter he drained about 3,000 c.c. daily of stomach and duodenal contents 
through his nasal tube. This liquid was all returned to his intestinal tract, to- 
gether with gradually increasing quantities of food. The diet was carefully cal- 
culated by Dr. B. H. Eagle. The jejunostomy tube functioned perfectly, he had 
no diarrhea at any time, and he gained weight. His blood chemistry and cell 
counts remained at normal levels throughout the convalescence. He received a 
total of three transfusions, one at the time of the resection and two at the time 
of the jejunostomy. 


Eleven days after the jejunostomy the nasal tube was removed for several 
hours at a time, because of increasing irritation of the throat, and a little bleed- 
ing therefrom. He had tolerated it for sixteen days at that time. 

His negative gastric balance slowly diminished. Fifteen days after the second 
operation it was still 500 c.c. A small amount of barium was given by mouth, 
and a trace could be seen to pass through the anastomosis. Twenty-seven days 
after the jejunostomy, feedings by the jejunal tube were entirely omitted, and on 
the following day nothing was obtained at any time from aspiration of the stom- 
ach. On the next day, forty-two days after the original operation, barium by 
mouth was seen to pass rapidly through the stoma under the fluoroscope. At that 
time he was tolerating a soft solid diet by mouth. 

fim jejunostomy diet, of considerable interest in this case, may be summarized 
as follows: (During this time he was receiving about 60 to 00 c.c. of water hourly 
by mouth to prevent parotitis or irritation from the nasal tube.) 


Day of jejunostomy 
First day 

Second day 

Third day 

Fourth day 

Fifth day 

Sixth day 


Nothing. 

All of gastric aspirations (2,000 c.c.) ; 1 Gm. cebione; saline 
solution, 1,500 c.c. ; betelin, 6.6 mg. 

All of gastric aspirations (3,000 c.c.) ; 500 c.c. milk and lime 
water, 2 egg whites, and beef juice, 180 c.c. 

All of gastric aspirations; 4 egg whites; beef juice, 240 c.c.; 
thin gruel and milk, 90 c.c. 

All of gastric aspirations; 0 egg whites; beef juice, 270 c.c.; 
thin gruel and milk, 1,060 c.c.; liver pulp, 60 Gm. (S20 
calories). 

All of gastric aspirations; i whole eggs; 60 Gm. liver pulp; 
1 pint milk; 50 Gm. dextrose, cod-liver oil ziii. gruel; beef 
juice, 240 c.c. (1,790 calories). 

All of gastric aspirations; same, but add 100 c.c. orange juice. 
25 c.c. karo, and 20 c.c. dilute HC1 (1,SS0 calories). 
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AH of h'lisl rie aspirations; beef juice, 210 c.c.; liver pulp, CO 
dm.; -I eggs; 500 c.c. milk; orange juice, 200 c.c.; dextrose, 
50 fim.; Isaro, 25 c.c.; cod liver oil, 20 c.c.; dilute II Cl, 20 
e.e.; 30 per cent Nad, 50 c.c.; kroner’s yeast, 1 dr.; 
mashed potato, 50 (1m.; puree spinach, 30 Gm.; tomato 
juice, 50 e.e.; Imtter, 20 dm. or cream, 20 per cent, 300 
e.e.; gruel, a<l lili. (2,200 calories). 

He was entirely free of symptoms a year later. 


Cask 2. — F. B. (At. G. B. No. 2050S3) entered the hospital on July 25, 3939, 
with the diagnosis of obstructing duodenal ulcer. Jle was a 32-year-old sheet- 
metal worker, who had had a diagnosis of duodenal ulcer made five years before 
by x-ray, following a short period of epigastric pain. A month before entering, 
he began to vomit large amounts of fluid. X-ray studies showed partial obstruc- 
tion at the pylorus, spasm of the antrum, gastritis, duodenitis, and an active duo- 
denal ulcer. At a repent examination, after twelve days of medical treatment, 
no barium could be seen to puss the pylorus during an hour’s observation. Ac- 
cordingly, operation was done. Under spinal anesthesia exploration revealed a 
very large, indurated mass in the vegion of the pylorus and antrum, which felt 
like inllnmmation rather than neoplasm. A routine posterior gastroenterostomy 
was done. There were n few adhesions in the region of the ligament of Treitz. 
A lumen of two or three fingers was obtained. 


Ho immediately began to run a negative gastric balance, which vnried from 
500 to 1,500 c.c. daily. His blood chemistry showed no remarkable change, and he 
remained in good condition. On the eighth postoperative day he was again ex- 
plored. The midline wound was reopened. There was no evidence of peritonitis. 
Nothing could bo felt in the region of the gastroenterostomy to indicate the cause 
of the obstruction. A loop of jejunum was identified at a point about eight inches 
from the gastroenterostomy. A No. 16 catheter was inserted and fixed with two 
purse-string sutures, reinforced by omentum. The catheter was brought out through 
a stab wound in the left side. 

Eleven days after the jojunostomy, he was gotten out of bed. Barium by 
moutli failed to pass through the anastomosis. Numerous measures were tried to 
maintain a normal blood chemistry. For several days lie received a soft diet by 
aioutli. The gastric contents were aspirated and replaced in the jejunostomy tube. 
His blood chemistry was kept near normal during the entire period. His urinary 


output was maintained at about 1,000 c.c. daily. His negative gastric balance 
was 2 000 to 3,000 c.c. daily. The gastric aspirations were replaced in the jeju- 
nostoniy tube. He received a total of six transfusions. 

On the thirtieth day after posterior gastroenterostomy, and twenty-two days 
after jejunostomy, lie ran a positive balance for the first time. Thereafter, lie 

■ roved rapidly. Barium by mouth showed an open gastroenterostomy stoma, 
with narrowing of the efferent loop of jejunum just distal to the stoma. His 

■ ■ ostomy tube was taken out four days after a positive balance was obtained, 
nd lie was discharged from the hospital three days later, on Sept. 15, 1939, on a 

dx-meal bland diet. 

s . o-astrointestinal series, on Fob. 9, 1940, showed barium passed through 

tl ie gXUerostomy without delay. 


-g £ jl. No. 223829), a 64-year-old native-born policeman, entered 

^ ASB ‘ i 1939, complaining of persistent vomiting of fire days’ duration, 

the liospi a -- .pj^ms of epigastric distress relieved by soda twenty years before 
He had hue sj ^ a g 0 an x . ra y diagnosis of duodenal ulcer was made. Nine 
entry. en } 1 ^ a g 0 j ia d recurrent attacks of pyloric obstruction. He 

years ago and one e -y. s p e f ore entry and had been unable to retain any fluids 
began to vomit thre 
for the past five days. 
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Physical examination was essentially negative except for obesity and dehydra- 
tion. The blood count showed 4.29 B.B.C. and a white count of 10,900 with 84 
per cent polymorphonuclears. Urine showed a specific gravity of 1.013 with 1 
plus albumin. His blood chloride was 77.4 milliequivalents ; the N.P.N., 100 nig. 
per cent; and protein, 7.6 per cent. Gastric analysis showed 48 units of free Hcl 
and 73 one hour after test meal. A phenolsulphonphtlialein test showed about lo 
per cent excretion in two hours. Under the fluoroseope, marked pyloric obstruc- 
tion was observed. No barium passed into the small bowel for two hours. At six 
hours a small quantity could be seen in the lower jejunum. He was completely 
obstructed and vomited 5S ounces soon after entry. He was given intravenous 
fluids and kept on nasal suction for six days. His N.P.N. dropped to 75 during this 
period. It seemed that no further improvement would occur, so a short-loop pos- 
terior gastroenterostomy without clamps was performed. It was noted that the 
omentum was extremely heavy and the mesocolon quite thick. There was an 
obstructing duodenal ulcer with marked dilatation of the stomach. 

After operation, he ran a negative gastric balance regularly, averaging about 
1,000 c.c. daily. He was given quantities of intravenous fluids so that his N.P.N. 
declined to 50, eight days after operation. 

On the ninth postoperative day, because of persistent obstruction, the midline 
incision was reopened. The stomach had contracted quite remarkably. Two 
fingers could be passed from above into the anastomosis. No attempt was made 
to visualize the anastomosis from below, but a loop of jejunum was picked up 
about twelve inches distal to it. A No. 16 catheter was inserted and brought out 
in a subcostal position as a jejunostomy. Hollowing the jejunostomy, he was given 
large amounts of fluid by this route. His N.P.N. continued to rise to 150. Obvi- 
ously, he was failing to absorb all of the fluid given by jejunostomy. Intravenous 
saline solution was again employed. On the fifteenth day after jejunostomy, he 
developed a mild psychosis. During this period he was given chiefly milk, lime 
water, and vitamins through his jejunostomy. He was transfused a total of five 
times. On the sixteenth day after jejunostomy (i.e., the twenty-fifth day after 
posterior gastroenterostomy), his obstruction was relieved. This was proved by 
the fluoroseope, barium passing readily through the posterior gastroenterostomy. 

At the end of this period of obstruction, he was in surprisingly good shape, 
although his N.P.N. was still SO. A Tepeat phenolsulphonephtlmlein test at this time 
shoived less than 15 per cent excretion in two hours, lie thereafter ran a positive 
gastric balance with no more vomiting. He was discharged from the hospital 
thirty-five days after the original operation. 

Six months later the patient reported remarkable improvement. He had been 
entirely free of gastric symptoms and was working at his regular job. 

Case 4. F. K. (E. M. No. 271724), a man, 51 years old, entered the hospital on 
Oct. 14, 1940, with an obstructing duodenal ulcer. He bad been vomiting for 
several weeks and had lost about twenty pounds in weight. Barium studies showed 
almost complete pyloric retention. A posterior gastroenterostomy was done. He 
immediately began to run a negative gastric balance, varying from 2,000 to 4,000 
c.c. daily. His N.P.N. rose to 50, while his serum protein remained at 6 per cent. 
Five days after operation, a jejunostomy was performed. Gastric aspirations and 
added milk and lime water were started almost at once through the jejunostomy 
tube. On the fourteenth postoperative day, his balance became positive and re- 
mained so. Four days later, barium was seen to pass slowly through the anas- 
tomosis. He was discharged from the hospital twenty-one days after his posterior 
gastroenterostomy, having lost very little time from the secondary operation and 
having gained considerable strength during that period. 

Cask 5. C. H. (B. M. No. 1S1231), a man, 66 years of age, had a known duo- 
denal ulcer of nine years’ duration. For the past six months he had been on a 
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<liot mid for one mouth Imd lmd very severe pa in. X-ruv showed 30 per cent re- 
tention in tho .“ton m cli at the end of six hour* and a duodenal ulcer on the poste- 
rior superior wall. At operation on Kept. 9, 1910, an active duodenal ulcer was 
found. A gastric resection was done with an anterior Hofincistcr anastomosis. 
His immediate postoperative course was entirely uneventful. Ilis nasal tube was 
removed on the fourth day. On the eighth postoperative day, he suddenly vomited 
7S ounces. At that time, his X.l’.X. was 1.'! mg. per cent and his protein G.3 per 
cent. He then ran a negative gastric balance of approximately 2,000 c.c. daily. 
Six days afterwards a jejunostomy was done. Thereafter his serum protein re- 
mained above 0 per cent until he left the hospital. Fifty days after the resection, 
his gastric balance dually became positive and he was discharged from the hos- 
pital entirely relieved shortly thereafter. 


Cask G. — hi. B. (hr. (1. H. Xo. 0551 GO), a 24-ycnr-old woman, on Aug. 12, 193G, 
had a Billroth I resection for a gastric ulcer. Obstruction began immediately 
after operation. On the fifteenth postoperative day, a jejunostomy was done. The 
obstruction was relieved on t lie thirty-second postoperative day and the patient 
discharged shortly thereafter. 


CASK 7. — S. S. (B. hi. Xo. 151GG9), a 70-vear-old woman, lmd a resection of a 
carcinoma of the stomach with a posterior Pdlva anastomosis on Oct. 3, 193S. 
There wns immediate marked postoperative obstruction. Five days after the re- 
section, a jejunostomy was performed. Thirty-one days after the resection, relief 
of the obstruction dually occurred. The obstruction in this case appeared to be 
partially due to an abscess which drained through the lower end of her wound 
and to a serum protein which remained somewhat low throughout. She w-as finally 
discharged in good condition. 


Case S. — If. B. (B. hi. Xo. 731 Go), a 50-year-old man, had a Billroth I resection 
of the stomach for duodenal ulcer on Sept. 2, 1937. There was immediate post- 
operative obstruction. A week later, a jejunostomy was performed through a left 
subcostal incision. The anastomosis was found to be entirely normal. He de- 
veloped wound sepsis, which drained satisfactorily. His obstruction was relieved 
on the twenty-sixth postoperative day. A year after discharge from the hospital, 
he had no gastric symptoms. 


CASE 9. — S. B. (hi. G. H. No. 153343), a 34-year-old man, entered with an ob- 
structing duodenal ulcer. At laparotomy numerous adhesions about the common 
duct made a posterior gastroenterostomy advisable in preference to a resection. 
The gastric balance varied considerably from immediately after the operation but 
averaged about 1,000 c.c. on the negative side daily until thirteen days after 
eration when a jejunostomy was done. The negative balance then continued 
undiminished until thirty-one days after operation when the balance became posi- 
tive and stayed there. The patient’s N.P.N. and serum protein remained normal 

throughout. 


Case 10 hi. D. (B. hi. No. 192291), a 74-year-old woman, entered the hospital 

- 14 1939. She had had six weeks of persistent vomiting. At operation, 
0U 1 ^ carcinoma was found adherent to the pancreas. A posterior gastro- 

a large c. ^ done. She began to vomit thick brown fluid almost immediately 

enterostomj gj )e ran a slightly positive gastric balance from the seventh to 

after ope - ^ ^ j^en it again became negative. Fifteen days after the posterior 

eleventh daj s jj ie U pper half of the wound was opened. There were numer- 
gastroenteros ^ ie s toma. A Witzel jejunostomy was performed. A nega- 

ous adhesions - postoperatively until twelve days after jejunostomy when 

tive balance con 1,1 £ ee[ pi n n-s by mouth for the first time. She improved slowly 
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Case 11— J. A. (M. G. H. No. 237423). A gastric resection with a posterior 
Polya anastomosis was done on this 65-year-old man on Oct. 2o, 1040, for a car- 
cinoma of the stomach. On the following day, he had a negative gastric balance 
of 1,500 c.c. This amount diminished and there was a slight positive balance from 
the fifth to tenth postoperative days. It then became negative again. On the 
fifteenth day a jejunostomy was performed. The gastric balance finally became 
positive twenty-five days after the resection and remained so thereafter. 

Case 12.— G. L. (M. G. H. No. 164699), a 59-year-old man, had a posterior Polya 
resection for carcinoma of the stomach on Dec. 21, 1938. There was immediate 
postoperative obstruction that persisted until finally on the fifteenth postoperative 
day, a short incision was made under novocain beneatli the left costal margin. 

A deliberate exploration was avoided. There were many adhesions observed 
about the anastomosis. The upper portion of normal bowel that was observed 
was used as a jejunostomy. Three days after this operation, it was noticed that 
jejunostomy feedings were immediately returned from the nasal tube. Dye intro- 
duced in the jejunostomy tube also appeared in the same way. The patient’s 
N.P.N. remained at a normal level and his serum protein was 6.6 and 5.7 per cent 
at two determinations. He gradually lost ground and died on the twenty-ninth 
day after resection of bronchopneumonia. When jejunostomy was performed on 
this patient, it was done at too late a date and also was not done in the proper 
technical manner. This patient probably had definite stomal obstruction that 
persisted until practically no peristaltic activity was left in the small bowel. 
On the other hand, he may have had high jejunal obstruction from the beginning that 
was not discovered at the time of the exploration. 

Case 13. — W. I. (M. G. H. No. 163447), a 70-year-old man, was admitted to the 
hospital with carcinoma of the stomach and had a posterior Polya anastomosis fol- 
lowing a gastric resection on Dec. 14, 1938. There was a freely movable tumor and 
no evidence of metastatic disease. He ran a slight negative balance for four 
days and then this progressively increased until he was losing nearly 1,500 c.c. 
more by nasal tube than he was taking by mouth. Sixteen days after the first 
operation, a jejunostomy was done. The old incision was opened, many adhesions 
were found, and a Witzel type of jejunostomy was performed. His N.P.N. re- 
mained at a normal level. His protein was 5.5 and 6.4 per cent at two determi- 
nations. He lost ground steadily following his original operation and died two 
days after the jejunostomy. The cause of death as determined at autopsy' was 
bilateral bronchopneumonia and pulmonary infarction. This was a patient of the 
older age group, who should have had a jejunostomy much earlier. 

Case 14. C. C. (M. G. H. No. 16619), a 60-year-old man, had a posterior 
gastroenterostomy done for an obstructing duodenal ulcer on March 8, 1938. The 
transverse mesocolon was short and the procedure difficult. His preoperative 
A .P.X. was Si and 117, while the serum protein was 5.2 per cent. He immedi- 
ately began to run a large negative balance. However, with intravenous fluids, 
his N.P.N. came down to 32 and 35 mg. per cent and his protein rose to 6.4 and 
0.7 per cent. He was finally' explored because of persistent obstruction thirteen 
days after the original operation. Several adhesions were found about the distal 
loop and it was believed that they accounted for his obstruction; they were ac- 
cordingly mobilized. No further procedure was done. He failed to improve so 
four days thereafter a jejunostomy was finally performed. He had been going 
steadily downhill and died three days after the jejunostomy- with an N.P.N. of 
102. Autopsy revealed no significant cause of death. This patient was uremic 
with a high N.P.N. before operation. His serious condition was not appreciated. 
Exploration was done too late on the thirteenth day and obviously should have 
included jejunostomy. 
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Cash 15. ,T. L. (M. Cf. If. No, 2997S), CO vuars of age, was admitted for mi 
obstructing; duodenal ulcer and lmd a posterior gastroenterostomy performed on 
March IS, 1037. The operation was extremely difficult on account of a good deal 
of fat in the transverse mesocolon, Jin began to obstruct on the sixth postoperative 
day. He also developed a septic wound and partial wound separation. Finally 
after the obstruction failed to subside, twelve days after the original operation, lie 
was again explored. There were numerous adhesions of the small bowel, especially 
about the stoma. An anterior gastroenterostomy was performed. This failed to 
function at nil. After six days, another exploration was carried out. Num erous 
adhesions again were found. A tube was put in the upper jejunum. It was then 
found that fluid put in this jejunostomy tube came back through the stomach. 
Mine days after the original operation, another lower jejunostomy was made. 
This contributed nothing and the patient died two days later. The cause of death 
was plastic peritonitis. This was an old patient whose obstruction was com- 
plicated by other factors, such as a plastic peritonitis and wound separation. 
The obstruction was apparently not merely at the stoma but also at several other 
points in tho jejunum. 
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SECTION OP THE SPINOTHALAMIC TRACT IN THE MEDULLA 
WITH OBSERVATIONS ON THE PATHWAY FOR PAIN* 

Henry G. Schwartz, M.D., and James L. O’Leary, M.D., St. Louis, Mo. 

(From the Neurosurgical Service and the Department of Anatomy, Washington 

University Medical School) 

S INCE Spiller (1905) first concluded that the pathway transmitting 
pain and temperature sensations resides in the anterolateral columns, 
knowledge concerning the spinothalamic tract has advanced consider- 
ably. The observations of Collier and Buzzard (1903) upon the course 
of the tract through the cord to the ventral nucleus of the thalamus 
were elaborated in greater detail by Goldstein (1910). More recently 
Poerster and Gagel (1931) and Walker (1940) have traced the spino- 
thalamic tract in Marchi preparations following anterolateral chord- 
otomy. 

A topical arrangement of fillers within the cord was suggested, among 
others, by Poerster and Gagel (1931), the fibers from the upper seg- 
ments of the body lying more centrally and fibers from the lower seg- 
ments occupying a more peripheral position in the spinothalamic tract. 
With minor modifications this arrangement has also been noted by 
Hyndman and van Epps (1939) and by Walker (1940). Oil the basis 
of animal experiments (LeGros Clark [1936], Walker [1938]) topical 
localization of fibers from various segments of the body has been dem- 
onstrated within the thalamus, and it is probable that a regular ar- 
rangement of fibers is present, in the brain stem. 

In the brain stem the spinothalamic tract is relatively superficial 
on the dorsolateral surface of the inferior olive. It then courses more 
deeply until the anterior border of the brachium pontis is reached ; at 
this point it turns dorsally to occupy a superficial position once more. 
Dogliotti (1937, 1938) has reported cauterization of the tract in the 
mesencephalon by a supratentorial approach, resulting in analgesia of 
the contralateral half of the body. He has made no reference to the 
question of topical localization. 

Recently one of us (H. G. S.) sectioned the spinothalamic tract at 
the junction of the middle and lower thirds of the inferior olive for 
relief of intractable pain. Prior to operation, careful examination re- 
vealed no diminution in or loss of any sensory modality. Sensory 
changes which occurred in different parts of the body during the 
operation were correlated with increasing depth of incision. In addi- 
tion, observations upon partial section of the descending spinal tract 
of the trigeminal nerve were made. 

A P «? r 2T?940. bCfOre t,1C S ° Ciety 0t Neurological Surgeons at the St. Louis meeting. 
■Received for publication, May 1, 1940. 
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SUKGEUY 


Caki: Hki'Oist. — T he patient, n .'lO-yonr-old while \vonmn, was referred to the neuro- 
surgical service of tlie St. Louis City Hospital for relief of pain. Four years 
previously she first noticed a painful swelling of the left jaw. For two years she 
sought relief by morphine. In October, lifts, a mixed tumor was removed from 
the left submaxillary region. In April, 1!).'!!), a recurrence was apparent; the 
patient again resorted to morphine. She began to complain of pain in the chest; 
x-rays showed invasion of the left lung. There were several subsequent admis- 
sions until the end of Hay, lO.'lO, when she was brought to the hospital after at- 
tempting suicide. On the advice of the nouropsychiatrists she was allowed to 
remain in tiie hospital to prevent self-destruction. 



. Showing exposure of right lateral wall of medulla for section ol 

i „i^'tr-iot Knife point is directed between the roots of the vagus and 

thalamic _ * . _ rrcto-;,,.- Inform.. .. 


of the spino- 
the caudal 


thataniiu ■ infer i or olive. Posterior inferior cerebellar artery is shown in its re- 
poruon ... Inset flffure shows operative relations from a lateral view of a dis- 
tractea po ’ the roots of the ninth and tenth nerves reflected back. The 

sectea dta j ine indicates the site of incision which interrupted the descending 1 

mpre r . osl | tract. The caudal line represents the point of entry of the incisions into 
th^spinothalamic tract. 
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the left side of the neck, chest, and abdomen became worse, over- 
the original mandibular pain. Steadily increasing doses of morphine 
shadowing There was no pain on the right side. In view of the distribu- 

were ina ^ was questionable whether even a high cervical section would 
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The possibilities for relief of pain and the danger of section of the spino- 
thalamic tract at the level of the olive ■were fully explained to the patient. 
Despite the hazard involved, she begged for the operation. While waiting for 
the patient’s scattered relatives to be found, her pain became progressively worse, 
until she was receiving 11 gr. of morphine daily with no more than transitory relief. 

Operation . — (Jan. 27, 1940.) Avertin plus 3 gr. of morphine had no effect upon 
the patient’s state of consciousness. Since we could rely upon her cooperation, 
it was decided to go ahead with local anesthesia. This made it possible to deter- 
mine the effect of section during the operation. 



HB Complete analgesia and loss of "tickling” sensation. 
T&lufvt touch preserved. 

HH Almost complete analgesia and loss of "tickling” 
sensation. 


E33 Hypalgesia and diminished "tickling." 

Pig. 2. Illustrates tire results otutb^ sensory examination which was 


A suboccipital skin incision was made (Pig. 1). The occipital bone was re- 
moved on the right side to just beyond the midline. After opening the dura and 
evacuating the spinal fluid in the cisterna magna, the right cerebellar tonsil was 
retracted upward The right lateral wall of the medulla was exposed. The 
cervical roots of the spinal accessory nerve were identified, and then in succession 
the posterior inferior cerebellar artery, the bulbar portion of the spinal acce4on 
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ilio roots of tlio vagus, n small vein, mid tlio glossopharyngeal nerve were en- 
countered. The rostral part of the inferior olivary eminence was visualized just 
in front of and ventral to the ninth nerve. At this site, an incision about 3 mm. 
deep was made just ventral to the point of emergence of the glossopharyngeal 
nerve and paralleling its int rnbuilmr course. The patient complained of ex- 
cruciating, lightning-like pain in the right jaw at the moment of incision. Exami- 
nation showed no change in sensation over the body. From this, it was obvious 
that the descending trigeminal tract had been partially interrupted, and that the 
spinothalamic tract was not in the line of incision. Accordingly, the caudal 
portion of the inferior olive was exposed by gentlo displacement of the posterior 
inferior cerebellar artery. An incision about 3 mm. in depth was then made 



between the undersurface of the vagus rootlets and the olive, these two structures 
-• cr as excellent landmarks. Examination showed loss of sensation to pin- 
' k in the entire left lower extremity. In order to abolish pain completely a 
P nc . i nc ision was made at this same level, extending more medially to a depth 
SCC °i t 6 mm It was designed to skirt the dorsal margin of the olive and so 
of abou remaining spinothalamic fibers which lie in this position (Gold- 

interrup ^ t y s j no ision was progressively deepened, there resulted a cor- 

stein [1 ' 0 „ r essive diminution of pain sensibility over the left side of the 
responding ^ upper extremity. The patient volunteered the information 

abdomen, ci ’ ‘ . Q f the abdomen, chest, and neck was entirely gone. The 
that the severe P a ^ confined to the left mandible. Trigeminal tractotomy 
only pain that persisted • 
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on the left side (by Sjoqvist’s method [1938]) could have been performed through 
the same exposure. However, this was not thought justifiable since the residual 
pain was not very severe and could probably be relieved by alcohol injection of 
the third division later. The wound was closed in layers with silk. There was 
no respiratory embarrassment or difficulty in swallowing. The patient "was sent 
back to the ward, grateful for relief of pain. 

Course. — Fig. 2 shows the results of postoperative sensory examination which was 
checked repeatedly. There was complete analgesia and loss of “tickling” sensa- 
tion over the entire lower extremity, with preservation of touch. There was 
almost complete analgesia over the trunk to the level of the clavicle. There was 
hypalgesia over the arm and neck up to the left mandible. In addition there was 
liypalgesia over the right mandible in an area corresponding to the distribution 
of the third division of the trigeminal nerve. The patient was completely free 
of pain except for the area of the left jaw. There was no motor weakness or 
ataxia. Sweating was equal on the two sides. 

Fig. 3 represents the postoperative course. The patient’s condition was ex- 
cellent throughout the first day. At 7:00 p.m. on the evening after operation, she 
left her bed unassisted to look for a cigarette. The patient was rational and 
showed no apparent ill effects when she was visited at midnight. The next 
morning, temperature reached a peak of 103.8° F., but fell slowly to 101.2°, at 
4:00 p.m. Her condition seemed to be excellent. Then there was a sudden spike to 
107° with delirium. Lumber puncture was done; the fluid contained no more blood 
than is usually found after a craniotomy. Efforts to reduce the fever were only 
partially successful and the patient died two days after operation. 

Autopsy . — A post-mortem examination was performed three hours after death by 
Dr. George Fraser of the Department of Pathology, St. Louis City Hospital. There 
was recurrence of mixed tumor in the submaxillary region. The left lung was almost 
solid with tumor; the right lung partly so. There was extensive metastatic involve- 
ment of the pleura, aortic nodes, diaphragm, liver, and the left kidney. 

Examination of the Brain (J. L. O’L.). — There was no gross abnormality. The 
operative site was clean; there was no evidence of hemorrhage or edema. The sites 
of entry of the incisions were apparent. Thin slices made through the hemispheres, 
thalamus and hypothalamus showed no evidence of tumor invasion. The brain 
stem and attached remnants of the cerebellum were fixed in 15 per cent formalin. 
Later it was divided into blocks of convenient size, embedded in celloidin, and 
sectioned serially in a transverse plane at 40 microns. The sections were stained 
by the Kulschitzky modification of the Weigert method. 


Microscopic Examination . — Serial Weigert sections of the brain stem from the 
level of the nucleus iuber to the rostral pole of the eighth nerve entry zone showed 
no evidence of secondary involvement of local lesions. In particular the fiber 
bundles of the lemniscus sj stems stained normally and equally on the two sides. 


1. Eight Trigeminal Tiact Lesion: Just rostral to the known intramedullary 
course of the ninth nerve, an elongated lesion was observed in the dorsolateral area of 
the medulla. This lesion entered at the ventromedial angle of the restiform body 
and passed dorsally and somewhat medially to interrupt the ventrolateral part 
of the spinal trigeminal tract. At the point of entry the lesion was somewhat 
caudad to the cochlear division of the eighth nerve. It partially destroyed the 
spinal trigeminal tract at the level of the dorsal cochlear nucleus. (Fi^. iA and 
B.) The lesion was 3 mm. deep and extended over 5G 40 micron sections *(2.2 mm.). 
The lesion was too far lateral to interrupt the probable course of the spinothalamic 
tract at this level It ,s possible that the olivocerebellar svstem was moderately 
damaged and that some secondary cochlear fibers directed toward the trapezoid 

555JT ** - 



1SS 


KlHiCKItY 


i 




B 


micron transverse section through^ ^suited from 



SCHWARTZ AND O’LEARY: SPINOTHALAMIC TRACT IN 


MEDULLA 


1S9 





Fig. 5A, B, and C. — Outline drawings of transverse levels of the inferior olive, il- 
lustrating the situation and extent of the rostral (A) and caudal ( B ) lesions placed in 
tiie right spinothalamic tract- In C'thc total lesion is reconstructed upon a transverse 
section midway between A and B. XU, hypoglossal nucleus ; X, dorsal motor nucleus 
of the vagus. T r. Sol., tract us solitarius ; Sp. V, descending trigeminal tract. 
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• , i Photograph of a 40 micron transverse section through the medulla. The 

Fig- transposed when compared with Figs. 5 A, B, C ; this resulted from 

figure , appears wi n adjoining . blocks m reverse order. 11, Corresponding outline 
mounting sections i res t,f 0r m body; med. Jem. medial lemniscus; dcs. area 

sketch: R, ™ e !J,vJr,', D ted’ fibers of right descending trigeminal tract, 5.5. diameters, 
(solid black), miei 
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2. Hight Spinothalamic Tract Lesion: Situated in the posterolateral sulcus over- 
lying the lower third of the inferior olivary nucleus, a superficial lesion was detected. 
From this point of entry two stabs extended into the lateral area of the me u a, e- 
tween the dorsolateral surface of the inferior olive and the ventroeaudal margin ot 
the restiform body. The deeper and more rostrally situated of these stabs (Eigs>. 0 
and 6 A) shows a narrow tract which follows the dorsal margin, of the inferior 
olivary nucleus. This lesion was 5.5 mm. deep and in its medial extent was separated 
by 3 mm. from the lateral margin of the medial lemniscus and by 4.4 mm. from the 
median raphe. Similar distances separated it from the dorsal motor nucleus of the 
vagus and the tractus solitarius. 

The more caudal stab (Pigs. 5 B and 6 B) was 4.3 mm. deep and was more dor- 
sally situated, coursing just ventral to the spinal trigeminal tract but apparently 
not interrupting any of its fibers. Likewise its tip was well separated from the 
dorsal motor nucleus of the vagus and tractus solitarius. 

The rostrocaudal extent of the entire spinothalamic tract lesion was confined to 
45 40 micron sections (1.8 mm.). Fig. 5 C reconstructs upon an outline drawing 
the whole area interrupted by the incision. Except for a focal softening upon the 
superolateral margin of the inferior olive there was a minimum of tissue damage at 
the margins of the lesion. 

COMMENT 

The observations on the sensory loss in this case may he considered 
in relation to the spinal trigeminal tract first and then the spinothalamic 
tract. 

Davis and Haven (1933) have made careful observations on the deficit 
following experimental section of the sensory root of the trigeminal nerve 
in cats. Their experiments were microscopically controlled. They con- 
cluded that the posteroinferior portion of the root at its entrance into 
the pons carries tire fibers of the ophthalmic division ; in the spinal tract 
itself they found this arrangement is preserved so that the ophthalmic 
fibers lie in the ventral portion and the mandibular fibers lie in the dorsal 
portion. In man Sjoqvist (1938) has studied one patient who died 
several years after a differential section had been performed through 
the suboccipital approach. In this case the posterior inferior two-thirds 
of the root had been cut. No loss of sensation could be observed but the 
patient was free of second division pain for three years. In Kulschitzkv 
sections Sjoqvist found degeneration in the dorsal part of the spinal 
trigeminal tract. He concluded that “the portion of the root which is 
cut at the Dandy operation corresponds to the dorsal (or superior) part 
of the tract and nucleus. This portion consequently must be formed by 
maxillomandibular fibers.” 

In the case that is presented in this paper there is evidence that the 
mandibular fibers of the trigeminal nerve were injured. At the moment 
of incision the patient complained of severe pain in the right (ipsilat- 
eial) jaw. Subsequent examinations demonstrated diminished pain 
sense in the distribution of the third division. Histologically, the lesion 
involved the ventrolateral portion of the spinal trigeminal tract. In 
this case, therefore, it appears that at the level of the dorsal cochlear 
nucleus the mandibular fibers are represented in the ventral rather than 
tlie dorsal area of the descending tract. 
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■phntoCTaphs of transverse levels of the medulla corresponding 
in Figs* 5* A, B, and C. Arrows Indicate situation of lesion, 
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death from carcinoma one month later. Details of this case will he 
reported in a subsequent communication. 
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It is noteworthy that, although tlie patient complained of pain when 
the descending trigeminal tract was cut, there was no complaint when 
incisions were made into the spinothalamic tract. The explanation for 
this probably lies in the fact that in the former instance primary path- 
ways were injured, while in the latter case secondary fibers were cut. 

With regard to topical localization in the spinothalamic tract, the 
observations support the premise that in the brain stem, as in the cord, 
the fibers from the lower segments lie dorsolaterally, while those from 
the upper segments have a more ventromedial position. It was clear 
from examination made during the operation that the lower segments 
were affected by the dorsal incision into the tract and the upper segments 
were not involved until the second (ventral and medial) incision was 
made. 

The association of loss of "tickling” sensation with loss of pain sup- 
ports the view of Zotterman (1939) that these modalities are mediated 
by small fibers (less than 10 microns) which make up about 98 per cent 
of the fibers of the spinothalamic tract (Haggqvist [1936]). The obser- 
vations in the present case offer no additional evidence concerning the 
position of the secondary tactile fibers in the brain stem. 


SUMMARY 

A case is reported in which section of the spinothalamic tract in the 
medulla was performed for relief of high, intractable pain. The opera- 
tive technique is described. On the basis of sensory changes which 
resulted, it is concluded that a topical arrangement of fibers is present 
in the spinothalamic tract, until fibers from the lower dermatomes oc- 
cupying a dorsolateral position and those from the upper segments 
lying ventromedially. A lesion involving the ventrolateral portion of 
the descending trigeminal tract was associated with disturbance of 
sensation in the distribution of the mandibular division of the fifth nerve. 

Since this report was accepted for publication, Dr. James C. White 
(personal communication), of Boston, has confirmed the efficacy of the 
procedure, successfully relieving pain in a patient suffering from 
Kaynaud’s disease. 

We have had additional experience in a second case of advanced 
malignant disease, in which the left spinothalamic tract was cut at the 
level°of the inferior olive. This resulted in complete alleviation of pain 
' the right chest, shoulder, and axilla, caused by inoperable carcinoma 
the breast with metastases. There was no involvement, indicating 
0 the lesion extended into the neighboring descending tract of the 
” ia . , the nucleus ambiguus, medial lemniscus or vagal 

. cen ters. We were able to confirm our previous opinion con- 
alitonomic localization of pain fibers within the spinothalamic tract 
cerinng 1 1 rpj ie patient was discharged from the Neurosurgical 

in the brain s e^- ppy Hospital and was free of pain until her 
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The animals were sacrificed at from 8 to 142 days and a large piece 
of muscle or fascia containing the operated tissue was removed. The 
tissue was fixed in a modified Kaiserling solution and was later sec- 
tioned and examined microscopically for healing and type of union. 
Two animals showing slight wound infections were excluded from the 
series. 
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WOUND HEALING 


With Especial Reference to Muscle and Fascia Repair 

Iv. S. Chouke, M.A., M.D., Philadelphia, Pa., and 
R. W. Whitehead, M.A., M.D., Denver, Colo. 

( From the Department of Anatomy, Graduate School of Medicine, University of 
Pennsylvania, and the Department of Physiology and Pharmacology, 
University of Colorado School of Medicine ) 

IT IS most generally held that, when muscle is severed and sutured, 
A healing occurs by means of fibrous tissue elements from the epi-, 
peri-, and endomysium. Certain recent experimental studies on muscle 
repair indicate that muscle cells may regenerate (Forbus, 1926 ; Millar, 
1934; Speidel, 1938; and Tauchi, 1934). 

In 1923 Seelig and Chouke found that the suture of muscle to fascia 
failed to establish a firm union. Fascia sutured to fascia, on the other 
hand, united firmly. In the experiments here reported we have studied 
the healing of muscle and of fascia following incision such as surgical 
expediency would require. No attempt has been made to alter the 
physiology of the parts. The possible influence of various suture ma- 
terials was also noted. 

METHODS 


Seventy-two experiments were performed, sixty on twenty-one dogs 
and twelve on twelve rats. Thirty-three of the experiments on dogs 
involved suturing of muscle to muscle. All the experiments on rats 
concerned muscle-to-muscle union. In twenty-five experiments on. dogs 
fascia was sutured to fascia. In two experiments the muscle-to-fascia 
union was restudied. Various muscles were employed in these experi- 
ments, such as the pectoralis major, external oblique, rectus abdominis, 
latissimus dorsi, trapezius, and others. The usual aseptic surgical tech- 
nique was employed in the experiments on dogs but in the rats no 
special precautions were taken. Under anesthesia a particular muscle 
or fascia was exposed and freed of superficial areolar tissue. In most 
of the experiments the sutures were placed before the muscle was cut. 
Suturing was at right angles to the incisions. An attempt was made to 
secure close approximation of muscle edges without causing tension. 
The usual cut was transverse; in a few animals, however, oblique or 
'tudinal incisions were used. Since Howes (1933) reported that 
0 v a in some tissues seemed to be influenced by the variety of suture 
l0a ° , e usec ] several different kinds, various sizes of black silk and 
ma CI * d chromic catgut. After suturing the muscle, the overlying 
plain ana _ “ dosed, the hatter by means of a subcuticular stitch. 
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much, firmer than the union between muscle and fascia. The union 
between muscle and fascia, even after complete removal of areolar tis- 
sue from both, was no more firm than that found by Seelig and Chouke. 

In our experiments the kind of suture material employed did not ap- 
pear to influence the nature or degree of union in either muscle or 
fascia. 

SUMMARY 

1. Healiug of severed, striated muscle of dogs and rats occurs by 
fibrous connective tissue growth from the epi-, peri-, and endomysium, 
and not through regeneration of muscle cells. 

2. Fascia unites readily to fascia, when closely approximated, by con- 
nective tissue growth. 

3. The type of suture material employed (silk or catgut) did not 
appear to influence the degree or extent of union between fascia or 
muscle. 

4. A firmer union developed between muscle and muscle and between 
fascia and fascia than Seelig and Chouke observed between muscle and 
fascia. 

5. The union of muscle to muscle and fascia to fascia is complete 
eight to eleven days after suture. 
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According to the experiments o£ Seelig - and Chouke (1923) on dogs, 
nonnal muscle did not establish a firm union with fascia but fascia 
united readily with fascia. Koontz (1926) differed with these results. 
lie believed that the union between muscle and fascia which he ob- 
tained was due to the removal of intervening areolar tissue. Hertzler 
(192 <), commenting - on this controversy, states: “Fibrous tissue alone 
can form a union. Fat bearing tissue prevents healing because fibrin 
bundles cannot form in the presence of fat. Muscle fibers will not heal ; 
it is only the perimysium that can form a union. The ligature must be 
tied tight enough to traumatize the muscle so that a reaction is pro- 
duced. It is this traumatic reaction which sets in action the fibrin 
formation that results in the formation of the fibrous tissue which 
makes the union. ” Hertzler believed that the different results reported 
by Seelig and Chouke and by Iloontz could be explained on the ground 
that loose sutures were used by the former and tight sutures which 
traumatized the muscle were used by the latter. Seelig and Chouke 
felt that Koontz ’s own data showed that union between muscle and 
fascia occurs only between fascia and the fibrous elements of muscle. 

According to MacCallum (1S9S), the muscle cells multiply and in- 
crease in bulk until the embryo is between 130 mm. and 170 mm. crown- 
rump length. After this stage, he writes: “The fibres now grow in 
length and thickness, but probably no longer increase in number. In 
embryos smaller than 170 mm. in length there is a regular increase in 
the number of fibres found in a cross-section. After this, however, the 
number remains approximately constant.” As in normal growth, our 
experiments did not show the formation of any new muscle cells. The 
repair took place by means of the fibrous connective tissue formed 
between the cut ends of the muscle fibers. Recently both preserved 
and living fascia lata has been used in the repair of hernias (Haas, 
1931; and Hodgkins, 1930). According to Haas (1931), the union 
affected by these depends mainly on ingrowth of endo- and perimysium : 
“The muscle cells themselves appeared to be transformed into elements 
of fibrous tissue. ’ ’ 

Our findings differ from those of Forbus (1926) in rabbits and from 
those of Speidel (1938) in tadpoles. The differences may be attributed 
in part to the techniques employed. In our experiments the muscle 
fibers were severed; in those of Forbus the muscle was injured by in- 
! c jj on i n to it of irritant substances. This damaged the muscle fibez - , 

T t its sarcolemma remained intact. Speidel observed complete regen- 
U . n tj ie muscles of the tadpole’s tail after various kinds of in- 
? ra . 10 He mentions cutting and bruising but omits the details con- 
juries. ration aftel . these procedures. Further Speidel studied 

r -- ubia ; f on ns while our work is based on incisional trauma 

i„ adult mammals. ^ wifh those oi Scc % and Chouke (1923), the 

Correlating 01,1 , K j muscle and between fascia and fascia is 

union between muscle 



TALLIS POSTOPERATIVE WOUND SEPARATION 

into component parts. This agglutination has led observers to consider 
the possibility that postoperative wound separation in the absence of 
frank infection is due to catgut allergy. Some support is lent to this 
hypothesis by consideration of the source of the blood-tinged fluid that 
stains the dressing before separation actually occurs. Edema of the 
tissues plus excessive fluid formation indicates that the inflammatory 
reaction incidental to healing has exceeded normal bounds and, in this 
respect, simulates an allergic reaction. The chief advantages of suture 
are that complete replacement of prolapsed intestines is effected with- 
out delay and that, in lesser degrees of separation, suture will prevent 
extension of the process and further eventration. Other advantages are 
that the period of hospitalization is less and that there is more likeli- 
hood of healing without hernia formation than when nonoperative treat- 
ment has been employed. The chief disadvantage of suturing is that the 
procedure subjects an already sick patient to an operation of some 
magnitude. Certainly only relatively few patients whose laparotomy 
wounds break open are in condition to stand the shock of a general 
anesthetic and even a minimal operative procedure. Each patient will 
stand just so much operative trauma, and disaster is certain to follow 
when this limit is exceeded. A study of the mortality rate following 
secondary closure in wound disruption indicates that this threshold has 
been overstepped on many occasions. Patients who would not be con- 
sidered good risks for the second stage of a divided operation are sub- 
jected to secondary closure, simply because an emergency exists. Im- 
mediate operation has long been demanded for surgical emergencies, but 
gradually the concept has arisen that preparation of the patient for 
operation is of equal, if not greater, importance than the operation 
itself. Thus no longer is the dehydrated, shocked, or anemic patient 
submitted to operation, but rather surgery is deferred until blood and 
fluid levels are restored. But if this is true of most present-day sur- 
gical emergencies, it does not hold for the serious emergency of wound 
disruption, for most patients with this complication are submitted to 
operation without delay. In consideration of the course of action to be 
followed in any surgical emergency, it is well to bear in mind that the 
decision not to operate is just as important as the decision to operate. 
The former, however, requires more fortitude on the part of the sur- 
geon, for, while all observers consider themselves capable of passing 
judgment on occasions when failure to operate might have been the 
cause of a fatality, few give any consideration to the role played by 
untimely operations. 

Immediate suture of wound disruption should be carried out only in 
the best-risk patients. If there is any question regarding the ability of 
the patient to stand the operation, nonoperative methods of treatment 
are clearly indicated. It is questionable if inhalation anesthetics should 
ever be administered to these patients, because the straining so often 



THE MANAGEMENT OF POSTOPERATIVE WOUND 
SEPARATION 

Lawrence Sidney Fallis, M.D., Detroit, Micii. 

(From the Department of Surgery, Henry Ford Hospital ) 

O NE of the most serious complications of laparotomy is the breaking 
open of the wound. The occurrence of this condition fortunately 
is low, for, even if allowance is made for unrecorded cases, published 
statistics indicate that approximately only I per cent of abdominal 
wounds disrupt. But if the frequency is low, the mortality is high, 
varying, according to the literature , 1 ’ 4 from 25 to 50 per cent. Perhaps 
a 35 per cent mortality is a fair estimate. While it must be admitted 
that the cause of death in many instances is due to underlying pathologic 
conditions, at the same time, the method of management currently in 
vogue deserves attention. 


GENERAL MEASURES 


Regardless of the course of treatment about to be pursued, the first 
requisite is to allay the patient’s fear by administration of barbiturates. 
Seconal gr. 1 y 2 to gr. 3 by mouth, if it can be retained, or sodium 
phenobarbital gr. 1*4 by hypodermic, if there is nausea, removes appre- 
hension. There is seldom a complaint of pain in the presence of wound 
disruption. On the contrary, many patients admit to relief of distress 
when the wound margins separate. However, morphine sulfate, gr. 14 > 
by hypodermic should be given to prepare the patient for a general 
anesthetic, to augment local anesthetic, or to relieve the distress of 
manipulation when nonoperative procedures are employed. 

The next most important step in treatment is to arrange for a blood 
transfusion as soon as possible, for it should not be overlooked that these 
patients are seriously ill. Apart from the correction of hypopro- 
teinemia, 8 if this condition exists, blood is the best supportive and restor- 
ative medium at the surgeon’s disposal. It is also essential to control 
vomiting, when present, by means of the indwelling duodenal tube, and 
to restore the fluid level, when indicated, by the intravenous administra- 
tion of 5 per cent glucose. 

IMMEDIATE SUTURE 


. | eac iung and practice of most surgical centers is to advise imme- 
esuture'of the wound when disruption occurs. In most instances, 
diate resi^ ^ wonn( j j s accomplished by through-and-lhrough suture of 
closuie o ^ _ gtee | w ; rCj silkworm gut, or braided silk. Layer suture 
silver v ire, because the usual finding is that the layers of the 

is seldom P° s > agglutinated that they cannot ho separated 

abdominal wall aie sc 
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ings moistened in saline may now be applied over the intestine. It is 
well to use at least three thicknesses of gauze dressing so that the super- 
ficial layers can absorb the serous discharge which always occurs. The 
gauze dressing lying next to the intestine should not be removed or 
replaced until it has loosened itself from serosa, a process that will 
require four or five days. Flamed one-inch adhesive strips are prepared 
by a nurse and applied by an assistant, who removes his gloves. The 
strips should be long enough to grasp the full width of the abdominal 
wall. They should be applied first over the center of the protrusion ; 
one then works both up and down to the extremities of the wound. Firm 
pressure should be applied, and effort should be made to reduce the 
evisceration and coapt the Avound margins. This will rarely be possible, 
but Avith succeeding daily dressings, the edges of the wound can be 
brought together gradually. In certain instances, injection of 0.5 per 
cent novocain into the Avound margins Avill aid these manipulations. It 
is important to change the adhesive daily because there is always some 
loosening due to the slipping of the strips or further reduction of the 
protrusion. When applying fresh adhesive strips, the same aseptic pre- 
cautions as for the first dressing must be exercised, and reopening of 
the Avound must be prevented by removing and replacing the strips one 
at a time. Absorbent gauze pads are placed over the adhesive strap- 
ping, and further support is supplied by a firm abdominal border. 

If it is possible to bring the Avound edge together at once, healing 
Avill occur just as rapidly and just as soundly as AAdien sutures have been 
employed. But AAdien coaptation is effected gradually, healing Avill be 
sloAver and incisional hernia is more certain to ensue than if closure 
had been obtained by sutures. 

AFTERTREATMENT 

Aftertreatment, regardless of the method of closure, should begin 
with a blood transfusion. Ileus is of such frequent occurrence that the 
indivelling duodenal catheter should be used on all patients Avith Avound 
disruption, since the earlier treatment is begun, the more likely it is to 
be effective. In our experience, intestinal obstruction has been due more 
often to inflammatory than to mechanical ileus. The former yields to 
hot stupes and continuous duodenal suction drainage, but the latter is 
a definite indication for operative intervention. 

Mechanical obstruction is, of course, the one definite contraindication 
to nonoperative treatment. HoAvever, since the exact nature of the 
obstruction is not always apparent, there is nothing lost by conservative 
treatment, since, even if operation is definitely indicated later, the sup- 
portive measures already instituted Avill enable the patient to better 
withstand surgical intervention. Vitamin C, 5 because of its value in 



200 


SURGERY 


associated with induction is likely to increase the amount of separation 
and prolapse. Furthermore, since coughing is the chief predisposing 
factor in wound separation, an anesthetic agent which is not irritating 
to the respiratory sj’stcm should bo chosen. Spinal anesthesia fulfills 
the requirement, but increasing experience has taught that spinal is not 
the anesthetic of choice for poor-risk patients. These objections, then, 
limit the selection to local anesthesia. Subcostal block plus infiltration 
of the wound margin and extraperitoneal tissues with 0.5 per cent novo- 
cain solution skillfully and patiently administered will permit reduc- 
tion of the prolapse and suture of the wound margins without undue 
discomfort to the patient. Preliminary medication with seconal gr. Ill 
by mouth and morphia gr. 14 by hypodermic will diminish both the 
psychic and actual distress of the patient. If it is not feasible to move 
the patient to the operating room in his bed, he should be operated upon 
in his room. The practice of lifting patients out of their beds onto a 
stretcher, taking them to the operating room, and then transferring them 
to an operating table is to be deplored, because these movements, no 
matter how carefully controlled, increase the amount of prolapse and 
add to the shock of an already sick patient. Layer suture is rarely pos- 
sible because of edema and agglutination of the tissues. In the vast 
majority of cases, closure is best effected by through-and-through sutures. 
These are put in at intervals of 3 cm. and should be placed about 5 cm. 
from the wound margins. Care should be exercised when closing an 
infraumbilieal incision not to include the deep epigastric artery in the 
bite of the suture, lest the vessel be eroded from pressure of the suture 
material and serious hemorrhage ensue. Silver wire still holds the field 
as the choice of suture material, although it is po.ssible that the newer 
plastic suture materials may in time supplant, it. The great advantage 
over silkworm gut is that wire does not tend to cut through the tissues 
because of its larger diameter. Braided silk is flexible and easier to 
handle, but stitch abscesses almost invariably form around the skin 
openings. 

closure nr adhesive strapping 


Adequate sedation, using opium derivatives and barbiturates, is the 

first requisite. Absolute asepsis is maintained only when the surgeon 

is prepared as for any other surgical procedure, a preparation which 

should include masking. An assistant removes the protective dressing 

and prepares the skin margins of the wound by cleaning with ether to 

' . £ a (- ; s0 that the adhesive will slick. Care must be exercised 

, ■ s ] c ] n antiseptic not to allow it to come in contact with 

y PP t intestinal serosa. If evisceration has occurred in an infected 

been unrecognized for several hours, it may be well to lavage 

h eicI ’ , . . warm normal saline solution. Gauze dress- 

the protruded visceia vnu 
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CONCLUSION 

A plea is entered for tire wider adoption of conservative treatment in 
abdominal wound disruption. The high mortality following secondary 
closure is caused in part by a desire to treat the existing emergency 
rather than the patient. 
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promoting wound healing, should be given in dosages of 300 mg. per day 
because smaller doses arc ineffectual. Hypoproteinemia is combatted by 
repeated small blood transfusions, but if the blood concentration is at 
or near normal and the serum protein and serum globulin are below 
normal, blood plasma should be administered. The recent work done 
with lyophile serum 8 and intravenous amino acids 5 perhaps opens up a 
new field of therapjq but we have had no experience with administration 
of these substances. 

COMMENT 


In 1936 I reviewed all the recorded cases of wound disruption at the 
Henry Ford Hospital up to and including the year 1935. 3 The mortality 
rate of 34 per cent, while appalling, was not out of line with other pub- 
lished reports. A detailed study of the fatal cases yielded the thought- 
provoking observation that 70 per cent of the patients who died did so 
within twenty-four hours of being subjected to operation for secondary 
closure. The inference then must be that, in certain cases at least, the 
operation itself was a determining factor in the fatal issue. This does 
not mean that all the patients would have recovered if the disrupted 
wound had not been operated upon, for many of them were doomed be- 
cause of the condition that required surgical interference in the first 
place and from other complications. However, it does suggest that alter- 
native methods of management of wound disruption should receive 
serious consideration. 


Since the beginning of 1936 we have treated at the Henry Ford Hos- 
pital twenty-seven cases of wound disruption occurring in 4,153 lapa- 
rotomies, an incidence of only 0.65 per cent. The mortality rate for this 
small series was 37.3 per cent and compares favorably with 34 per cent 
for our former series; but what is more significant is the evidence in 
favor of nonoperative treatment. Seven of the sixteen patients whose 
wounds were resutured died, a mortality of 43 per cent, but only three 
of the eleven patients whose wounds were treated by adhesive strap- 
ping died, a mortality of only 27.3 per cent. 

It will always be difficult to introduce statistical evidence in favor of 
nonoperative measures because the tendency is to restrict their use to 
the more seriously ill group of patients where the mortality is certain 
to be hi"h with any form of treatment. However, the evidence in favor 
of the nonoperative treatment of wound disruption in our own cases has 


resulted m a rev 
tients as soon as 


,-ersal of our former practice of operating upon all pa- 


the diagnosis was established. Secondary suture has 


of 
been 


' ‘ been abandoned until, in the past two years, all instances 

grac ty a ruDti0 n occurring on the general surgical service have be 
wound a n adhesive strapping— a course that in our hands 

treated by packing ana * 
has yielded excellent results. 



STEWART: HEMOLYTIC STREPTOCOCCUS WOUND INFECTION ZUD 

Case 2. — S. C., a 39-year-old woman, was admitted to the hospital for surgical 
collapse therapy, the diagnosis being bilateral pulmonary tuberculosis and left 
tuberculous empyema. The patient had developed tuberculous empyema during 
pneumothorax treatments; the fluid contained no organism except the tubercle bacil- 
lus. At physical examination the patient’s general condition was found to be 
fairly good, and no extrathoracie abnormality of importance was present. The 
cardiovascular status was excellent. The red cell count was 4.S million, hemo- 
globin, 85 per cent. The white cell count was 9,600, and the smear showed 56 


S.P. 



per cent polymorphonuclears, 35 per cent lymphocytes, S per cent monocytes, and 
\ P° r cent cosiuophiles. The urine was negative. Chest x-ray study showed the 
right lung clear and the left atelectatic beneath pyopneumothorax. 

On March 24 left upper five-rib thoracoplasty was performed without incident 
under nitrous oxide-oxygen-etlier anesthesia. The patient stood the operation 
well and was in good condition at its conclusion. Next day, thirty hours after 




POSTOPERATIVE SHOCK DUE TO HEMOLYTIC 
STREPTOCOCCUS WOUND INFECTION 

John D. Stewart, M.D., Boston, Mass. 

(From the Surgical Laboratories of the Harvard Medical School at the 
Massachusetts General Hospital) 

1 I 'HE essential features of secondary or traumatic shock may be pro- 
■*- duced by various noxious forces, and usually such harmful influences 
are present in combination. The state of “vascular failure ” 1 accom- 
panying reduction in circulating blood volume, hemoconcentration, and 
lowered systolic blood pressure, when appearing soon after operation, 
usually signifies to the clinician disturbances of homeostasis by a con- 
spiracy of harmful agents. It is the purpose of this report, however, to 
draw attention to the syndrome of postoperative shock depending on a 
particular cause, fulminating infection of the wound with hemolytic 
streptococcus. Early recognition of the true nature of the condition is 
of lifesaving importance, and specific treatment of the infection rather 
than symptomatic treatment of shock is urgently indicated. 


Case 1. — S. P., a 37-year-old woman, was admitted to the hospital for surgical 
collapse therapy for chronic pulmonary tuberculosis with cavitation. Nine months 
previously the patient had undergone upper thoracoplasty on the right in two stages 
with good results. She had shown much improvement, with gain in weight and 
strength and diminution in cough and sputum. She was readmitted for treatment 
of cavitation at the left apex. Her general physical condition was excellent, and 
there was no extrathoracic abnormality of significance. The heart appeared nor- 
mal; the blood pressure was 120/S0. There was a mild coryza, in view of which 
the operation was postponed for three weeks. The red cell count was 4.5 million, 
the hemoglobin SO per cent. The urine contained albumin, but was otherwise 
negative. 


On Jan. 28 left upper thoracoplasty with removal of three ribs was performed 
under nitrous oxide-oxygen-ether anesthesia without difficulty, there being no un- 
toward reaction. Next daj’, twenty-four hours after operation, the patient went 
into a state of collapse, with systolic blood pressure of CO, cold clammy extremi- 
ties slight cyanosis, and rapid small pulse. Diagnoses considered by the house 
staff were hemorrhage into the wound, pericardial effusion, pneumothorax, or pleural 
effusion The patient was mentally alert and appeared to have no particular dis- 
omfort A chest film was made, but gave no help in diagnosis. Blood transfusion 
and saline solution infusions were given. 

O Jan 30 the patient’s condition was unimproved, the state of shock having 
d unrelieved. The rectal temperature was 104°, the white cell count was 
contini ^ ^ operative wound now came under suspicion. Externally the wound 

36,000, an ^ ^ ^ u j ( j as pirated was found on smear to contain numerous 

looked innocen , culture yielded a heavy growth of hemolytic streptococci, 

gram-positive cocci, given, but the peripheral vascular collapse continued, and 

Further transfusion ,] irec davs after operation. There was no autopsy, 

the patient died Jan. > 
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tuberculosis, left encapsulated tuberculous empyema, hemolytic streptococcus infec- 
tion in the thoracoplasty wound, and hemolytic streptococcus bacteremia. 

Case 3. M. C., a 62-year-old woman, was admitted to the hospital for surgical 

treatment of carcinoma of the left breast, noted eight weeks previously. Admission 
had been postponed for two weeks on account of a severe upper respiratory infection. 
The patient’s general condition was excellent on admission. The nasopharynx and 



bronchi showed no evidence of persistent respiratory infection, and chest x-ray study 
was negative. The blood pressure was 160/76 and the heart seemed normal. There 
wasoa mass retracting the nipple of the left breast, but the skin did not appear 
to bd i directly involved and there was no ulceration or dermatitis. No involvement of 
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operation, a sudden alarming drop in the patient's blood pressure was noted. The 
blood pressure w'as 70/40; the extremities were cold and clammy; the pulse was 
rapid and feeble. Diagnoses considered were hemorrhage into the wound and tension 
pneumothorax. Aspiration of the wound and left pleural cavity excluded these possi- 
bilities, but the fluid was not examined bacteriologically, as infection of the wound 
was not suspected. On March 20 the patient's condition was worse and the vascu- 
lar collapse persisted despite blood transfusions. The steadily rising temperature 



d the presence of induration where the akin was penetrated 
and pulse rate an ^ before suggested wound infection. The wound was 
during chest tap m ^ conta ining hemolytic streptococci in abundance was 
opened and serosangnm c(m(i;tl - on steadily failed, however, and death in hyper- 
evacuated. The patten operation. Autopsy showed bilateral pulmonary 

pyrexia occurred five days - 
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agreed with the tentative diagnosis of acute adrenal insufficiency and suggested also 
the possibility of pulmonary embolism and auricular fibrillation. Digitalis was ad- 
ministered, and an electrocardiogram showed auricular tachycardia with varying 
degree of auriculoventrieular heart block. A cardiological consultant, however, 
favored a diagnosis of . pulmonary embolism. Oxygen therapy was instituted. 
Seventy-two hours after operation blood cultures taken twenty-four hours after 
operation were reported as showing heavy growth of hemolytic streptococci. 


H.M. 


\V«rd 

Room 



Another consultant interpreted the picture as classical of peripheral endophlebitis 
with septic infarction of the lungs and began sulfanilamide and antibacterial anti- 
0 y therapy, but on the following day the patient died, five days after operation. 
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the axillary nodes could ho made out. The temperature was normal; the white cell 
count was 10,100, with normal differential values, and the red count was 4.9 million. 
The urine was normal. 

On March 12 left radical mastectomy was performed under ether anesthesia and 
the wound was closed without drainage. There was considerable blood loss during 
the operation, and at the end of the operation the patient’s blood pressure had 
declined from 100/SO to S0/50, and there was other evidence of mild shock. The 
response to infusion of solution of 10 per cent glucose and 0.9 per cent sodium 
chloride was rapid, however, and the same evening the patient’s condition was 
good, though the blood pressure was slow in returning to the preoperative level. 
Next day, twenty-four hours after operation, the rectal temperature was 104° and 
the pulse rate was 120. The wound was examined and appeared satisfactory. 
Indefinite signs at the base of the right lung were interpreted as indicative of 
consolidation and explanatory of the fever. On March 14, forty-eight hours after 
operation, the patient suddenly developed the signs of severe shock, and in threo 
hours the blood pressure dropped from 150/86 to 60/36. The extremities were 
cold, wet, and grayish. The mental reactions were interesting, the patient being 
alert, quickly responsive, and somewhat exhilarated. The wound was opened 
and 2 or 3 ounces of dark reddish fluid containing numerous streptococci was 
evacuated. The wound was packed open with gauze moistened in physiologic 
salt solution; blood transfusion was given and administration of prontosil paren- 
terally was begun. Blood cultures were positive for hemolytic streptococci, and 
cultures of fluid from a bleb on the leg gave abundant growth of the same or- 
ganism. The patient’s condition steadily failed; the hyperpyrexia continued and 
she became delirious and died four days after operation. Autopsy showed hemolytic 
streptococcus infection of radical mastectomy wound with bacteremia and early 
bilateral bronchopneumonia. 


Case 4. — H. M., a 4S-year-old woman, was admitted to the hospital for diag- 
nosis and treatment of persistent dull pain in the lower abdomen of two years’ dura- 
tion. Seventeen years previously right transperitoneal nephrectomy had been per- 
formed for hypernephroma. Seven years before admission excessive uterine bleeding 
had been treated by production of artificial menopause by irradiation. Her recent 
health had been good except for chronic lower abdominal ache, worse in the right 
lower quadrant. Her general physical condition was found excellent; there was no 
pulmonary or cardiovascular abnormality, and the blood pressure was 135/70. Labo- 
ratory studies, abdominal scout films, and intravenous pyelography were negative. 

On Dec. 16 exploratory laparotomy, appendectomy, and excision of the lower two- 
thirds of tlie previous laparotomy scar were performed under ether anesthesia. There 
were adhesions beneath the laparotomy scar and the appendix was fibrotic and thick- 
ened though not acutely inflamed. The stump of the appendix was carbolized but 
not buried. Next morning the patient's condition seemed alarming. Her rectal 
temperature was elevated, but her extremities were cold and clammy and tho 
blood pressure was 74/40. She seemed to have no pain and was mentally clear. 
Ph attending surgeon was unable to account for the state of shock, but orderod 
blood transfusion to be done. The white cell count was 26,500; the red cell 
a t was 4 2 million, and in the smear many- young polymorphonuclear forms 
c0U 1 patient’s vascular collapse was somewhat benefited by blood 

were seen. ^ sa line solution infusions, but her condition continued to bo pre- 
transfusion a ^ hours after operation an internist in consultation made a 
carious, . acute adrenal insufficiency from hemorrhage into the nd- 

tentative uiagn^ was administered, nnd a second blood transfusion was 


renals. 

given the patient 
" On Dec. IS, forty-cig 
signs of severe 


- ei"ht hours after operation, the patient suddenly- developed 
°! ' ck "the blood pressure falling to 50/3S. A second consultant 
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such an explanation must remain conjectural. All the members of the 
operating teams were free from upper respiratory infections, and wore 
standard folded gauze masks which covered mouth and nose. The in- 
adequacy of the usual surgical oronasal mask is notorious, however. 1 8 
A practicable method insuring the complete protection of a large 
wound from air-borne oronasal organisms during a long operation can 
hardly be said to exist, but progress toward this goal has recently been 
made. 10 ’ 11 Two of the above cases occurred the same Avinter. Other 
factors, such as personnel of the operating teams, preparation of the 
field of operation, and location of the operating rooms Avere A r ariable. 

These cases Avere dealt Avith before chemotherapy and immunotrans- 
fusion had become the effective Aveapons they uoav are in treating 
virulent infection due to the hemolytic streptococcus. In Cases 3 and 
4 tardy use of prontosil and sulfanilamide in insufficient dosage Avas 
made. It can hardly be doubted that recognition of the Avound infection 
immediately after the telltale signs of shock appear in such cases Avould 
make it possible to treat them Avith some success. A fatal delay may 
result from treating the signs of shock rather than the underlying cause. 
Immediate aspiration of the Avound Avith examination of the stained 
smear should lead to immediate diagnosis and proper treatment. 


CONCLUSION 

Four cases are presented which illustrate the syndrome of postopera- 
tive shock due to fulminating infection of the field of operation with 
hemolytic streptococci. In these cases there was a delay of more than 
twenty-four hours after the onset of shock before the presence of wound 
infection Avas suspected. The urgent need for immediate recognition of 
the infection in such cases, in order to permit specific treatment by 
methods of chemotherapy and immunotransfusion, is stressed. 
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iho autopsy showed hemolytic streptococcus peritonitis and bacteremia, acute 
periphlebitis and lymphangitis of the left leg, and acute serofibrinous pleuritis. 
The adrenal glands were normal. 


Discussion . — The charts of rectal temperature, rate of pulse and respi- 
ration, and systolic and diastolic blood pressure, determined at three- 
hour intervals, are shown for each ease (Pigs. 1-4) . Heavy black ink is 
used in the charts up to the point of onset of shock, while cross-hatching 
is used thereafter, to bring out the contrast between the appearance of 
the chart at the time shock set in and terminally. 

These cases have in common the sudden onset of shock within forty- 
eight hours after extensive operations on previously uninfected tissues. 
In each instance the infecting organism was the hemolytic streptococcus 
and the outcome was fatal within five days. The patients were under 
close observation and the manifestations of shock appeared with start- 
ling abruptness. Such evidence of infection as fever and Jeucocytosis 
was not distinct enough at the time vascular collapse developed to sug- 
gest the true diagnosis to the medical attendants, and it was only 
twenty-four hours or more afterward that wound infection was sus- 
pected. In the meantime the state of shock was variously attributed 
to hemorrhage, pulmonary embolism, acute adrenal insufficiency, pneu- 
monia, auricular tachycardia and heart block, multiple septic pulmo- 
nary infarcts, tension pneumothorax, pericardial tamponade, or to a 
combination of such factors. All such etiological possibilities were ex- 
cluded by the clinical and autopsy findings, leaving no doubt in these 
eases that shock and death were due to fulminating streptococcus in- 
fection. 

It is a well-known fact that the onset of shock may mark the prog- 
ress of overwhelming infections, such as pneumonia, 2 diphtheria, 3 and 


gas gangrene, 4 though, as Warfield points out, 5 the failure of circula- 
tion is often erroneously ascribed to cardiac weakness. The essential 
feature is probably reduction in venous return and cardiac output de- 


pendent on widening of the capillary bed and on plasma loss into the 
inflamed areas. 6 The importance of the factor of increase in size of 
the capillary bed is evidenced in the cases being reported above by the 
rapidity with which the circulatory collapse developed. Whether such 
capillary paralysis results from the sudden release into the general cir- 
culation of large amounts of bacteria or bacterial toxins, which act 
directly against the capillary wall, is an interesting question of con- 
siderable prognostic import. 

' T? cr-irdin" the source of the infection in these cases, there is no con- 
-idence. It may be of significance, however, that the infoc- 
clusn e occUI . rcc | during the winter months. Prom this, probable 

t.ions a onharynges of those in the operating room may be 

or igjn in tnc 4 *■ r i - 1 _ v !*_■». . 


origin jj ic a bsence of studies which might have established 

inferred, u game stra j n 0 f hemolytic streptococcus in the nnso- 

the presence o » .1 operating team and in the patient’s wound 

nharvnx of a member 
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Table I 


Prothrombin Besponse in Various Diseases During Oral Administration oe 
1 Mg. Methyl Naphthoquinone in Corn Oil and 0.5 Gm. Deoxycholic 


PATIENT 

AGE 

diagnosis 

PATE 

PLASMA 

bilirubin 
mg./IOO c.r. 

M.M. 

54 

Common duct stone 

11/ 9/39 
11/11/39 

8.8 

2.6 

J.C. 

37 

Common duct stone 

3/ 4/40 

3/ 8/40 

17.0 

F.N. 

55 

Hepatic carcinoma 

2/27/40 

3/ 4/40 

24.3 

24.0 

B.L. 

46 

Toxic hepatitis, liver 

1 failure 

3/ 4/40 1 
3/ 7/40 

27.0 

33.0 

A.H. 

54 

Portal cirrhosis, liver 
failure 

3/16/40 

3/20/40 

9.5 

G.S. 

30 

Chronic ulcerative colitis 

2/ 3/40 
2/ 5/40 
2/ 7/40 

Normal 

I.G. 

18 

Disseminated lupus 

2/ 3/40 
2/ 5/40 
2/ 7/40 

Normal 

M.L. 

35 

Steatorrhea, regional 
ileitis 

10/ 3/39 
10/10/39 

Normal 


PLASMA 

PROTHROMBIN 

% 

48.0 

76.7 

44.6 

56.2 

52.8 

76.0 

46.3 

42.6 

43.0 

40.4 

64.2 

65.7 

77.9 

32.2 

54.7 

63.2 

40.0 

95.3 


prothrombin concentration also occurred in the 2 patients having initial 
values between 50 and 75 per cent. 

Twelve patients were given orally the dipropionyl derivative of 
methyl naphthoquinone in corn oil with deoxycholic acid, as shown in 
Table II. The 1 patient in the group whose initial plasma prothrombin 
value was helow 50 per cent showed rapid improvement. Nine patients 
had initial concentrations between 50 and 75 per cent and 7 showed 
improvement under treatment. 

As shown in Table III, of the 14 patients receiving parenterally the 
sodium bisulfite derivative of methyl naphthoquinone, 5 had initial 
plasma prothrombin concentrations of less than 50 per cent. Of these 
5 patients 4 showed improvement within forty-eight hours after a single 
injection of the vitamin K material. Nine patients had initial values 
between 50 and 75 per cent, and 7 showed satisfactory response to the 
treatment. 

In considering these results more broadly, of the 20 patients treated 
by the oral administration of methyl naphthoquinone or its dipropionyl 
derivative plus deoxycholic acid, 5 failed to show improvement in pro- 
thrombin concentration in three to six days of treatment. Four of these 
5 patients had severe intrinsic liver disease and died of liver failure. Of 
the 14 patients given vitamin K substance subcutaneously, as shown in 
Table III, 2 made no prothrombin response and 1 of these patients died 
of liver failure. In 1 patient dying of cirrhosis of the liver and liver fail- 
ure, the plasma prothrombin concentration remained below 50 per cent 
despite the oral administration of deoxycholic acid in conjunction with 
methyl naphthoquinone and large doses of crude vitamin K extracted 
from alfalfa meal, and despite the subcutaneous injection of the sodium 



ORAL AND PARENTERAL USE OF SYNTHETIC VITAMIN ' 
K-ACTIVE SUBSTANCES IN HYPOPROTHROMBINEMIA 

John D. Stewart, M.D., Boston, Mass. 

(Fiom the Surgical Laboratories of the Harvard Medical School at the Massachusetts 

General Hospital) 

/A N THE basis of recent laboratory and clinical investigation, the 
vitamin K potency of certain synthetic naphthoquinones may be 
regarded as tentatively established. 1 ' 5 Questions which require further 
study concern the dosage of the naphthoquinones, their toxicity, the 
need for giving bile salts with them, the choice of oral or parenteral ad- 
ministration, and the duration and uniformity of prothrombin response. 

In the present study of thirty patients with hypoprothrombinemia, 
plasma prothrombin was determined by the method of Warner, Brink- 
hous, and Smith 0 as slightly modified/ The normal value by this 
method ranges from 90 to 110 per cent, while the zone" of dangerous 
tendency to spontaneous Weeding is below 40 per cent. The 2-methyl-l, 
4-naphthoquinone and the 2-methyl-l, 4-dipropionyl-naphthohydroqui- 
none used were kindly supplied by A. Black of E. R. Squibb & Sons. 
The water-soluble sodium bisulfite derivative of 2-methyl-l, 4-naphtho- 
quinone was synthesized by hi. B. Moore and F. J. Kirchmeyer of 
Abbott Laboratories. The latter substance is probably the sodium salt 
of the 3-sulfonic acid of 2-methyl-l, 4-naphthoquinone. The deoxycholic 
acid used was furnished by Riedel dc-IIa en, Inc. As determined by 
biological assay on the chick, 1.8 mg. of the sodium bisulfite derivative 
orally administered is equivalent to 1 mg. of 2-methyl-l ,4-naphthoqui- 
none, or to 2,500 Peiree-Dann units and 62,500 Dam units. 8 The dipro- 
pionyl derivative also is about one-half as active as 2-methyl-l, 4- 
naphthoquinone. 0 The assumption is probably justifiable that the vi- 
tamin K potency of these substances is as great given parenterally as 

orally. 

On the basis of treatment the patients may be divided into three 
o-roups- those who took methyl naphthoquinone and deoxycholic acid 
° ■ Hr those who took the dipropionyl derivative and deoxycholic acid 

mouth - and those who were treated by subcutaneous administration 
‘ the sodium bisulfite derivative of methyl naphthoquinone. As shown 
? . , -j g p a tients were studied while taking daily by mouth 1 mg. 

m a . , Lanhthoquinone in corn oil and 0.5 6m. of deoxycholic acid, 
of me 1} ‘ -f r0 m two to seven days. Six of tlw 8 patients had 

The therapy ■ ^, rovn bin values below 50 per cent, and in 4 of these 

initial plasma , was excellent. Satisfactory improvement in 

the response to treau 

Received for eviction. MW 1. ««■ 
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MM.- CHRONIC ULCERATIVE COUTtS, PROTHROMBIN RESPONSE 
C= METH NAPH.OUINONE I MILLIGRAM ORALLY DAILY 
D=METH NAPH.OUINONE I MG + OEOXYCHOLIC AC. OB GM ORaUY DAILY 
P- PLASMA PROTHROMBIN 


Chart 2. 


Table III 

Prothrombin Response in Various Diseases After Subcutaneous Administra- 
tion of Sodium Bisulfite Derivative of Methyl Naphthoquinone 






PLASMA 

BILIRUBIN 

HG./100 

c.c. 

PLASMA 


PATIENT 

age 

DIAGNOSIS 

DATE 

PROTHROM- 
BIN % 

DOSAGE 

E.E. 

39 1 

'ommon duct stone 

12/ 1/39 

1.9 

63.4 

1.8 mg. s.c. 




12/ 2/39 

1.9 

95.9 

12/1/39 

J.Z. 

50 

lommon duet stone 

1/27/40 

7.2 

71.4 

1.8 mg. s.c. 






75.0 

1/30/40 

J.B. 

57 

larcinoma of pan- 

12/ 9/39 

26.5 

11.5 

1.8 mg. s.c. 



crcas 

12/11/39 

24.5 

92.6 

12/9/39 

C.B. 

5S 

Toxic hepatitis, 

12/ 1/39 

1(5.9 

54.1 

1.8 mg. s.e. 



liver failure 

12/ 2/39 


92.2 

12/1/39 

WWW 

60 

Carcinoma of com- 

12/27/39 


51.1 

1.8 mg. s.c. 



mon duct 

12/28/39 


107.2 

12/27/39 

M.L. 

51 

Common duct stone 


22.5 

68.5 

1.8 mg. s.c. 




12/21/39 

22.2 

90.8 

12/20/39 

\V. B. 

53 

Toxic hepatitis 

2/ 2/40 


73.0 

3.7 mg. s.c. 

K.G. 



2/ 3/40 

■ 

101.3 

2/2/40 

52 

Portal cirrhosis, 

3/1(5/40 


37.0 

3.7 mg. s.c. 

E.D. 


ascites 

3/18/40 


38.4 

3/17/40 

00 

Common duct stone 

3/10/40 

Normal 

59.2 

3.7 mg. s.c. 

n.c. 



3/1S/40 


76.5 

3/17/40 

31 

Portal cirrhosis, 

4/ 2/40 

Normal 

4S.3 

3.7 mg. s.c. 
4/2/40 

C. D. 


hematemesis 

4/ 4/40 


58.9 

11 

Portal cirrhosis, 

4/ 2/40 

22.2 

42.0 

3.7 mg. s.c. 
4/2/40 

V.D. 


liver failure 

4/ 4/40 


61.5 

23 

Perinephric abscess 

2/ 6/4C 

Normal 

53.1 

3.7 mg. s.c. 

R.M. 

24 

Periarteritis nodosa 

2/ 7/4C 
2/12/4C 

Normal 

62.7 

34,9 

2/6/40 

3.7 mg. s.c. 

11. G. 

17 

Deal fistula, intesti 

2/14/4C 
■ 4/ 5/4 

Norma! 

92.3 

57.2 

2/13/40 

3.7 mg. s.c. 
4/5/40 



| nnl obstruction 

4/ 0/41 

69.5 
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LG.- DISSEMINATED LUPUS. DURATION OP PROTHROMBIN RESPONSE 

A » METR NAPH.QUINONE I MG + DEOXYCHOLIC AC. 0.8 CM ORALLY DAILY 
B - SULFONIC DERIVATIVE 3.7MG S.C. DAILY 

Vc ” RED CELL HEMATOCRIT IN PERCENT P - PLASMA PROTHROMBIN IN PERCENT 

Chart 1. 


bisulfite derivative and the intravenous administration of methyl naph- 
thoquinone. 

Improvement in prothrombin concentration cannot be expected to 
persist after cessation of vitamin K therapy, unless the underlying 

Table II 


Prothrombin Response in Various Diseases During Daily Oral Administration 
of 2 Mg. Methyl Dipropionyl Naphthohydkoquinone Plus 0.5 Gm. 
Deoxycholic Acid 


— 




PLASMA 

PLASMA 

PATIENT 

AGE 

diagnosis 

DATE 

BILIRUBIN 

prothrombin 





MG./100 C.C. 

% 

mm 

27 

Chronic ulcerative coliti 

10/21/39 

Normal 

65.1 



10/28/39 


95.0 


09 

Common duct stone 

10/26/39 

3.9 

87.1 



10/28/39 

2.2 



54 

Biliary cirrhosis 

10/11/39 

9.4 

50.4 



10/20/39 


S5.8 


39 

Common duct stone 

11/22/39 

6.0 

69.7 



11/25/39 

6.0 

90.1 

K.T. 

55 

Toxic hepatitis, liver 

10/18/39 

20.0 

53.1 


failure 

10/20/39 

22.0 

57.2 

W.B. 

53 

Toxic hepatitis 

1/18/40 

24.5 

51.0 



1/24/40 

26.8 

96.1 

J.H. 

77 

Carcinoma of common 

1/24/40 

24.0 

38.1 

duct 

1/29/40 

10.0 

92.7 

a.m. 

79 

Common duct stone 

11/27/39 

7.4 

72.4 


12/ 1/39 

4.9 

91.9 

C.B. 

58 

Toxic hepatitis, liver 

n/lG/,39 

25.0 

02.7 

failure 

11/20/39 

31.6 

69.5 



11/22/39 

29.2 

60.2 

WAV. 

60 

Carcinoma of common 

12/ 4/39 
12/11/39 

22.7 

2.7 

5.0.1 

Sl.l 

W.B. 

30 

Hepatic carcinoma 

10/26/39 

10/2S/39 

oo o 

o S O 

55.1 

90.0 

R.W. 

5S 

Common duct stone 

10/26/39 

10/30/39 

1.3 

1.0 f 

78.5 

7 8.9 


BLEEDING 
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tration was moderately satisfactory after large doses of sodium bi- 
sulfite derivative of methyl naphthoquinone were given subcutaneously. 
Only small benefit was obtained from the oral administration of methyl 
naphthoquinone, plus deoxycliolic aeid, and from the intravenous injec- 
tion of methyl naphthoquinone. Up to 20 mg. of methyl naphthoqui- 
none, dissolved in 300 c.c. of 0.9 per cent NaCl solution, was given to this 
patient by vein without untoward effects. The data from this case sug- 
gest the futility of giving large doses of methyl naphthoquinone if the 
usual dose of 1 to 4 mg. per day is ineffective. 



I MG METRNAPH.Q. IV \ 
/ 

10 MG METTHNAPHO.. I.V. 

10 MG ICTirWHCl. P.O. 


20 MG MCTHNAPH.Q. I.V. \ 

Chart 4. 




COMMENT 

Sweeping conclusions are not to be drawn in this study, but certain 
impressions stand out with distinctness. It is clear that prothrombin- 
laek and an abnormal bleeding tendency may occur in various conditions 
in which there is no reason to suspect the presence of severe liver dis- 
ease. Disseminated lupus, steatorrhea, chronic ulcerative colitis, 
chronic sepsis, and periarteritis nodosa were among the conditions il- 
lustrative of this point in the present study. The occurrence of pro- 
thrombin deficiency in such varied conditions points up the fact that 
the fundamental nature of the disturbance is still unknown. 

An interesting and puzzling occasional clinical finding is prothrom- 
bin deficiency refractory to vitamin K therapy. Failure" to respond to 





21(1 

disfiist 1 lias been corrected. This point is brought nut by the data in 
f-iiart I, from the stntjy of a patient with disseminated lupus and 
put lmlogie bleeding. This patient took methyl nnplithoquinonc and 
deoxyeholie acid orally during Period A, while during Period B the 
sodium bisulfite derivative was given pareutendlv. Bleeding from the 
nose and mouth and into the skin was relieved, only to recur when the 
prothrombin value declined to .‘50 per cent after cessation of treatment. 

'I he beneficial oficcts of giving deoxyeholie with methyl naphtho- 
quinone are suggested in (.’hart 2. the data of which were obtained in 
studying prothrombin chanties in an extremely sick patient with chronic 
ulcerative colitis. This patient was not jaundiced, hence it is of special 
interest that deoxyeholie acid had to he taken with the methyl naphtho- 
quinone orally to restore the prothrombin value to normal. With relief 
of hypoprothrombincmia, there was definite reduction in bleeding from 
the ileostomy. 



B.L.-TOXIC HEPATITIS, LIVER FAILURE - . NO PROTHROMBIN RESPONSE 
M = METH. NAPH.QUINONE I MG 4- DEOXYCHOUC AC 0.4 CM CRAUY DAILY 
N = METH NAPRQUINOfC 3 MG + DEOXYO-OLIC AC. 0.4 CM ORALLY H4LY 
O AND R =3.7MG SULF.DERIV. SUBCUTANEOUSLY 
P e PLASMA PROTHROMBIN B » PLASMA BILIRUBIN 

Chart 3. 

Prothrombin deficiency may be resistant to treatment in severe hepatic 
insufficiency, as shown in Chart 3, from the study of a patient with pro- 
gressive liver failure. The plasma prothrombin values in per cent and 
ohsma bilirubin in milligrams per 100 c.c. are indicated. Neither the 
ril nor parenteral administration of potent vitamin K-active sub- 
stances led to improvement in the plasma prothrombin value. Never- 
‘ t j ie prothrombin concentration failed to reach extremely low 
W Is and at no time was there evidence of pathologic bleeding. 

e ’ ‘ 4 n rjhart 4 from the study of a patient with chronic 

Data shown m viur y . . , . 

. rothrombin deficiency, and bleeding from a surgical drainage 
sepsis, p ^ sluggishness of prothrombin response to intensive 
wound i us ‘ S, ] ie improvement in plasma prothrombin coneen- 
vitamin Iv therapj - 



si;it<;i:i!V 
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treatment may .sometimes lie attributable to liver damage of such 
severity that hepatic synthesis of prothrombin is no longer maintained, 
‘•'Veil in the presence of the precursor substances, fn other cases, how- 
ever, particularly in chronic sepsis, there may be no evidence on which 
to incriminate the liver. If one supposes that prothrombin consists of 
a globulin molecule linked with a vitamin 1C prosthetic group, then pro- 
thrombin deiiciency might conceivably depend on inadequate formation 
of the protein molecule. 

Deoxvcholie acid and bile salts seem to increase the effectiveness of 
methyl naphthoquinone when taken orally, even in the absence of 
jaundice and known intrahepatie disease. Whether this denotes de- 
ficient excretion of bile salts and normal pigment excretion in such 
eases, or whether the synthetic processes in the liver are favorably in- 
fluenced by ingestion of cholic acid derivatives is a matter for specu- 
lation. The point is of considerable importance in choosing between 
oral and parenteral methods of giving vitamin IC. There seems to be 
no conclusive evidence to cover the question, blit theoretically the ad- 
ministration of bile salts in the presence of biliary obstruction may be 
harmful to renal, hepatic, and other tissues. It is probably wise to 
give only small amounts of bile salts for the absorption of fat-soluble 
K-activo substances in obstructive jaundice, or else to give preparations 
suitable for parenteral use and not give bile salts. 

The brevity of the prothrombin response after a single dose of vita- 
min Iv is worthy of comment. Evidently there is little storage of 
vitamin Iv in the body, and sustained effects are not to be expected 
from a single massive dose if the underlying disease persists. Daily 
small doses of from 1 to 4 mg. of methyl naphthoquinone, or the equiva- 
lent, would seem to be better therapy than occasional larger doses. 
Such a conclusion is supported by previously published observations on 
the lability of plasma prothrombin and the need for determining the 
value frequently in handling cases of obstructive jaundice. 10 

SUMMARY 

In a study of 30 patients with miscellaneous diseases and prothrombin 
deficiency, the following impressions were obtained : 

1 2 -methj'l-l, 4-naphthoquinone, its dipropionyl derivative, and its 
sodium bisulfite derivative have satisfactory vitamin K-potency taken 
orally or parenterally in dosage of 1 to 4 mg. daily. 

9 No evidence of toxicity was seen in giving as much as 20 mg. of 
9 methyl-1,' 4 -naphthoquinone intravenously in one dose. 

The prothrombin response to treatment appears within twenty-four 

6 1 lasts less than a week after vitamin K therapy is ended. The 

hours an . .. 0 f vitamin K is desirable in treating hypoprothrom- 

daily administration 

binemia. 
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tration was moderately satisfactory after large doses of sodium bi- 
sulfite derivative of methyl naphthoquinone were given subcutaneously. 
Only small benefit was obtained from the oral administration of methyl 
naphthoquinone, plus deoxyeholie acid, and from the intravenous injec- 
tion of methyl naphthoquinone. Up to 20 mg. of methyl naphthoqui- 
none, dissolved in 300 c.e. of 0.9 per cent NaCl solution, was given to this 
patient by vein without untoward effects. The data from this case sug- 
gest the futility of giving large doses of methyl naphthoquinone if the 
usual dose of 1 to 4 mg. per day is ineffective. 
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COMMENT 

Sweeping eonclnsions are not to be drawn in this study, but certain 
impressions stand out with distinctness. It is clear that prothrombin- 
lack and an abnormal bleeding tendency may occur in various conditions 
in which there is no reason to suspect the presence of severe liver dis- 
ease. Disseminated lupus, steatorrhea, chronic ulcerative colitis, 
chronic sepsis, and periarteritis nodosa were among the conditions il- 
lustrative of this point in the present study. The occurrence of pro- 
thrombin deficiency in such varied conditions points up the fact that 
the fundamental nature of the disturbance is still unknown. 

An interesting and puzzling occasional clinical finding is prothrom- 
bin deficiency refractory to vitamin Iv therapy. Failure to respond to 
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t rent lut'ii t may sometimes ho attrihutahle to liver damage of such 
severity that hepatic synthesis of prothrombin is no longer maintained, 
even in the presence of the precursor substances, fn other eases, how- 
ever, particularly in chronic sepsis, there may he no evidence on which 
to incriminate the liver. If one supposes that prothrombin eonsists of 
a globulin molecule linked with a vitamin K prosthetic group, then pro- 
thrombin deficiency might conceivably depend on inadequate formation 
of the protein molecule. 

Deoxyeholie acid and bile salts seem to increase the effectiveness of 
methyl naphthoquinone when taken orally, even in the absence of 
jaundice and known intrahepatie disease. Whether this denotes de- 
ficient excretion of bile salts and normal pigment excretion in such 
eases, or whether the synthetic processes in the liver are favorably in- 
lluenced by ingestion of cholic acid derivatives is a matter for specu- 
lation. The point is of considerable importance in choosing between 
oral and parenteral methods of giving vitamin IC. There seems to be 
no conclusive evidence to cover the question, but theoretically the ad- 
ministration of bile salts in the presence of biliary obstruction may be 
harmful to renal, hepatic, and other tissues. It is probably wise to 
give only small amounts of bile salts for the absorption of fat-soluble 
Iv-activc substances in obstructive jaundice, or else to give preparations 
suitable for parenteral use and not give bile salts. 

The brevity of the prothrombin response after a single dose of vita- 
min Iv is worthy of comment. Evidently there is little storage of 
vitamin Iv in the body, and sustained ett’eets are not to be expected 
from a single massive dose if the underlying disease persists. Daily 
small doses of from 1 to 4 mg. of methyl naphthoquinone, or the equiva- 
lent, would seem to be better therapy than occasional larger doses. 
Such a conclusion is supported by previously published observations on 
the lability of plasma prothrombin and the need for determining the 
value frequently in handling eases of obstructive jaundice. 10 


SUMMARY 


In a study of 30 patients with miscellaneous diseases and prothrombin 
deficiency, the following impressions were obtained : 

1 2-methyl-l,4-naphthoqiunone, its dipropionyl derivative, and its 
sodium bisulfite derivative have satisfactory vitamin K-potency taken 
orally or parenterally in dosage of 1 to 4 mg. daily. 

9 No evidence of toxicity was seen in giving as much as 20 mg. of 
9 ^thyl-l, 4 -naphthoquinone intravenously in one dose. 

The rothronibin response to treatment appears within twenty-four 
ie P lasts less than a week after vitamin K therapy is ended. The 
hours an < . vitamin K is desirable in treating hypoprothrom- 

daily administration u 

binemia. 
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4. Prothrombin deficiency refractory to treatment may be seen in 
severe liver damage and in chronic sepsis. 

5. The effectiveness of 2miethyl-l, 4-naphthoquinone taken by mouth 
is increased by taking deoxycholic acid or bile salts, even in the absence 
of jaundice. 
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treatment may sometimes he attributable to liver damage of such 
severity that hepatic synthesis of prothrombin is no longer maintained, 
even in the presence of the precursor substances. In other cases, how- 
ever, particularly in chronic sepsis, there may be no evidence on which 
to incriminate the liver. If one supposes that prothrombin consists of 
a globulin molecule linked with a vitamin K prosthetic group, then pro- 
thrombin deficiency might conceivably depend on inadequate formation 
of the protein molecule. 

Deoxycholie acid and bile salts seem to increase the effectiveness of 
methyl naphthoquinone when taken orally, even in the absence of 
jaundice and known intrahepatic disease. Whether this denotes de- 
ficient excretion of bile salts and normal pigment excretion in such 
cases, or whether the synthetic processes in the liver arc favorably in- 
ilucnccd by ingestion of cholic acid derivatives is a matter for specu- 
lation. The point is of considerable importance in choosing between 
oral and parenteral methods of giving vitamin K. There seems to be 
no conclusive evidence to cover the question, but theoretically the ad- 
ministration of bile salts in the presence of biliary obstruction may be 
harmful to renal, hepatic, and other tissues. It is probably wise to 
give only small amounts of bile salts for the absorption of fat-soluble 
K-active substances in obstructive jaundice, or else to give preparations 
suitable for parenteral use and not give bile salts. 

The brevity of the prothrombin response after a single dose of vita- 
min Iv is worthy of comment. Evidently there is little storage of 
vitamin K in the body, and sustained effects are not to be expected 
from a single massive dose if the underlying disease persists. Daily 
small doses of from 1 to 4 mg. of methyl naphthoquinone, or the equiva- 
lent, would seem to be better therapy than occasional larger doses. 
Such a conclusion is supported by previously published observations on 
the lability of plasma prothrombin and the need for determining the 
value frequently in handling eases of obstructive jaundice. 10 


SUMMARY 


In a study of 30 patients with miscellaneous diseases and prothrombin 
deficiency, the following impressions were obtained : 

1 2-methyl-l, 4-naplithoquinone, its dipropionyl derivative, and its 
sodium bisulfite derivative have satisfactory vitamin K-potency taken 
orally or parenterally in dosage of 1 to 4 mg. daily. 

9 No evidence of toxicity was seen in giving as much as 20 mg. of 
9 methyl-1 4-naphthoquinone intravenously in one dose. 

' thrombin response to treatment appears within twenty-four 
^ 1 d lasts less than a week after vitamin K therapy is ended. The 
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The following is a description of the results we secured in this ex- 
perimental study: 

Fig. 1 A shows the gross and microscopic sections of the kidney of a 
rabbit sacrificed two days after nephrotomy had been performed with 
the scalpel. The line of incision extends from the cortex into the renal 
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ItKLATIVK MERITS OK THE SOALPEh AND HIGH 
KREtM'ENKV CURRENT IN NEPHROTOMY 

Exi-kuim KNTA ij Study 

Ciiaki.kx ('. I Jmcixs, M.D., and Odazikk, M.D., 

Ci.kvkdaxd, Ohio 
(From the Clm Inuil Clinic) 

' | 'ILK increasing trend toward conservative renal surgery, with par- 
ticiilar reference to renal litliiasis, and the relatively high mortality 
rate following extensive nephrotomies prompted this study. That con- 
servative kidney surgery for patients with renal calculus disease is 
justifiable cannot be doubted. However, as pointed out by Scholl 1 and 
others, extensive nephrotomy is a hazardous operation due largely to 
four factors: (1) primary hemorrhage, (2) cortical sepsis, (3) loss of 
functioning renal tissue by incision or sutures, and (4) secondary 
hemorrhage. 

It was our purpose in this experimental work to study histologically 
the relative amount of primary hemorrhage, intrarenal extravasation 
of blood along the lines of incision, infarction of renal tissue, and the 
relative rate of healing. 

Experimental nephrotomies were performed on rabbits with the 
high frequency cutting current and with the scalpel, two rabbits being 
used for each procedure. These rabbits were sacrificed at time inter- 
vals of two, four, seven, fourteen, thirty, and sixty days. The essential 
findings of the sections which were taken from the kidney operated 
upon at various levels will be described below. 

De Vincentiis 2 performed a similar experiment and concluded that 
there was considerably more necrosis extending diffusely into the renal 
parenchyma from the line of incision in operations in which the high 
frequency cutting current was used than in operations in which the 
scalpel was employed. He also noted that healing was retarded some- 
what in those cases in which the high frequency cutting current was 
utilized. Recognizing the advantages of the high frequency cutting 
current with reference to its hemostatic action, de Vincentiis felt that 
it should not be employed in kidney surgery for the above reasons. 

,, no nointed out by Ellis, 3 it should be remembered that a rela- 

Howevei, as % , ... . , . , . 

• 1 clean eut can be produced with a spark-gap machine by mcreas- 

-1 the frequency of oscillation and lessening the amperage. 

1U R f re beginning this study, we experimented with the high fre- 
machine on the kidneys of rabbits until we found the ideal cur- 
quency . , , j s one in which the cut was clean with very little 

rent to be usea, ’ 

evidence of gross coagulation. 
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The microscopic section shows the line of incision to be very narrow 
with evidence of scar tissue formation. The sharp line of demarcation 
from the incision and the adjacent kidney tissue is again pronounced. 
Infareted renal tubules are also seen in this section. 



Fig. 2. 
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papilla and is rcpicseiilcil by an extensive area of hemorrhage without 
evidence m organizal ion. There is extensive extravasation of red blood 
cells within the kidney tissue adjacent to the line of incision. A large 
v-shaped area oi infarction is present, extending from the cortex into 
(lie medullary substance. It is of interest to note that such areas of 
inlarclioii were more frequently observed in operations in which the 
scalpel was used in contrast to operations in which the incision was made 
with the high frequency current. 

We believe that there are three definite factors producing such areas 
ot infarction: ( 1) The site at which the incision is made in the kidney 
may cut oil' circulation to a given area; (2) the placing of mattres-s 
sutures also impairs renal circulation to definite areas; and (3) with 
more pronounced degrees of intrarenal hemorrhage seen where the 
scalpel has been used, there is increasing intrarenal pressure which, we 
believe, results in impairment of circulation to certain regions. This 
factor has been consistent in our studies. 

Fig. 1/J represents the gross and microscopic sections from the kidney 
of a rabbit sacrificed two days after operation which was performed with 
t ho high frequency cutting current. The line of incision is represented 
by a narrow zone of hemorrhage with a small area of infarction in the 
region of the cortex. Microscopically, the line of incision is sharply 
demarcated from the adjacent kidney tissue. This condition is to be 
expected when one considers the coagulating effect of high frequency 
current where the spark-gap machine is used. 

Fig. 2 A represents the gross and microscopic sections of the kidney 
of a rabbit sacrificed four days after operation in which the scalpel was 
used. Fig. 2B represents sections from the kidney of a rabbit sacrificed 
at the same time interval, but in which the operation was performed with 
the high frequency cutting current. In tire sections taken from rabbits 
operated upon with the scalpel, it is interesting to observe the broader 
zone of hemorrhage representing the line of incision, associated with a 
larger area of infarction. An area of necrosis is seen in the tip of the 
papilla in Fig. 2 A. 

Fi°\ 3 A represents the gross and microscopic sections taken from the 
kidney of a rabbit sacrificed seven days after operation which was per- 
formed with the scalpel. A large area of infarction and necrosis is evi- 
dent in the cortical region. The remainder of the line of incision is 
barely perceptible except in the papilla where an area of necrosis is dis- 
cernible The microscopic section shows quite a broad area representing 
the line of incision, with no evidence of healing. There is, however, 

perimposed infection as evidenced by considerable leucocytic infiltra- 
t* i fibrin and edema. 

101 ; ^ 'represents the gross and microscopic sections taken from the 

Fig. 1 sacrificed seven days after operation which was per- 

lddney o a frequency cutting current. The gross section 

formed Wi r nor mal kidney with no evidence of red blood cells, 

presents an appaiem^ 



HIGGINS AND GLAZIER: NEPHROTOMY 


225 


ably the etiologic factor producing this infarction. To the right of the 
infareted area is a region of atrophy of the kidney tissue which is due to 
partial impairment of circulation to this region. The microscopic sec- 
tion demonstrates this atrophy of kidney tissue. 
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I' i^. 4.1 represents the gross and microscopic sections taken from the 
kidney ot a rabbit sacrificed fourteen days after operation which was 
performed with the scalpel. The gross section shows a large area of 
intaretiou extending from the cortex into the medullary substance. A 
suture is seen traversing the area of infarction at its apex and is prob* 
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Fig. 4B shows the gross and microscopic sections from the kidney of 
a rabbit sacrificed fourteen days after operation performed with the high 
frequency cutting current. The line of incision is represented by scar 
tissue formation and a narrow zone of infarction. 

Fig. 5 A represents the gross and microscopic sections taken from the 
kidney of a rabbit sacrificed thirty days after operation which was per- 
formed with the scalpel. 
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Editorial 


Anesthesia in Medical Preparedness Program 


IN THE present preparedness parade the surgeon must march in the 
* front rank. However much we may deplore it, preparations for war 
mean preparations to furnish the surgeon with unlimited numbers of 
■injured people for whom he must care. In the rush of plans to trans- 
pose surgery from a peacetime to a wartime basis, a certain element of 
hysteria is likely to ereep in. AVe are apt to lose sight of details of 
prime importance. The matter of anesthesia is one such detail. In civil 
practice every surgeon has provided himself with what he believes to be 
a satisfactory solution of the anesthesia problem. Transferred to mili- 
tary duty, he can scarcely hope to take with him an intact surgical 
team as he has organized it at home. Even if this were possible, anes- 
thesia for mutilated fighters and their victims is a more complicated 
problem than civilian practice of the relief of pain. The care of re- 
spiratory embarrassment in a patient in a civilian hospital is difficult. 
AVhen the face is shot away or the pleural cavity laid open, mainte- 
nance of the respiratory function taxes the skill of the most adept. 

AA r e ought to profit by previous experience. In our own army in 
Prance in the summer of 1918, after a breakdown in anesthesia service, 
it was decided that more medical men must he especially trained in 
anesthesia. Field schools of anesthesia for medical officers were estab- 
lished at camps in this country, but without facilities for practical in- 
struction in operating rooms. Peace came too soon to observe the benefits 
of such instruction. The arrangement of space used for surgery in 
Fiance in 1918 was found to be important. Large operating rooms in 
which several surgical teams could work simultaneously proved of ad- 
vantage for several reasons, one of which was that one capable anes- 
thetist thus simultaneously can supervise several anesthetized patients 
when necessary. A similar plan has been found useful in England dur- 
ing the past year. The following quotation from a personal letter from 
London is pertinent : 


One huge ward at Epsom has been converted to take 6 operating 
-lies . . . At St. Thomas’ Hospital we have a very nice emergency 
loatie, providing for 5 tables in a row with sliding curtains between 
• • ■ the usual military practice here is for a full colonel to be in 
e uu-ge of a hospital in a purely administrative capacity. Then there 
is a lieutenant colonel in charge of medicine and another in charge of 

Tr-ifm?’ 1 n°, acth 'f y r “ n and direet everything apart from adminis- 
1 1 Belo ' v them tlle Personnel is much the same on the two 
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l‘’jg. oil represents suctions taken at the same time interval, the opera- 
tion being performed with the high frequency cutting current. The line 
of incision in both eases is well healed and is represented by sear tissue. 

Pig. O.L represents sections taken from the kidney of a rabbit sacrificed 
sixty" days after operation which was performed with the scalpel, while 
Fig. Oil shows sections taken from the kidney" of a rabbit sacrificed at 
a similar time interval, the operation being performed with the high fre- 
quency cutting current. Again one notes good healing in both cases’. 

No animals died poslopcrativeh' following operations performed with 
the high frequency cutting current. However, the immediate operative 
mortality following operations which were performed with the scalpel 
numbered four animals, all of which died of hemorrhage and shock. 

COX CLUSIO.VS 

1. There is less primary hemorrhage when an extensive nephrotomy is 
performed with the cutting current than when the scalpel is used. 

2. Extravasation of blood into the renal tissue adjacent to the line of 
incision is greater when the scalpel is used. 

3. There is less infarction adjacent to the line of incision when the 
high frequency" current is employed. 

4. Healing is more or less comparable in each case. 
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Recent Advances in Surgery 


Conducted by Alfred Blalock, hi. I). 


REGENT ADVANCES IN THE STUDY AND MANAGEMENT OP 
TRAUMATIC SHOCK 

Henry N. Harkins, M.D., Ph.D., Detroit, Mich. 

(From the John Simon Guggenheim, Memorial Foundation and the Department of 
Surgery, Division of General Surgery, Henry Ford Hospital) 

I. INTRODUCTION 

S HOCK is a subject that is- of importance not only during war but 
in peacetime. It is the major cause of death in all types of in- 
juries and is at present a limiting factor in the operability of many con- 
ditions. Surgery has advanced rapidly during the past century when 
one by one the shackles of pain (anesthesia), infection (antisepsis and 
asepsis), and, more recently, thrombosis (heparin) were removed. If 
the danger of shock were out of the way, it is difficult to predict how 
much the range of operability of morbid processes might be increased. 

To review the entire literature on shock would be a herculean task 
beyond the scope of the present paper. Advances both in the under- 
standing and treatment of shock have been so rapid during the past 
decade that this review will consider mainly the advances made in 
that period, 1930 to 1940. This is especially advisable because certain 
papers appearing at the beginning of the decade brought fresh light 
to the old subject, the cause of shock. It will be impossible to deal 
immediately with these most recent advances without a brief his- 
torical resume as a point of departure. 

HISTORICAL RESUME 

A belter idea of the advances made in an understanding of shock dur- 
ing the past decade can be had after a brief historical resume of pre- 
vious work. Not only is this true because of the contrast in ideas in 
many cases, but because in others the older workers really laid better 
foundations for present knowledge than casual study would lead one to 
realize. It might be interesting arbitrarily to divide the history of shock 
into four periods. 

1. Early Period . — From the time of James Latta (1795), of Edin- 
burgh, who used tlie word “shock,” and. other early writers down to the 
time of Fischer (1S70) may he considered the descriptive period. 
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sei\iu.s. I ,ike (lie surgical side: Two majors are general surgical spe- 
ua ists. One major is an nnesthelic specialist with additional captains 
ami lieutenants according to the size of the hospital. The anesthetist 
major is responsible for his underlings, and they may run 6-9 tables.” 

The number of physicians in the United States well trained in anes- 
thesia is now much greater than in 19KS. Nevertheless, special courses 
of instruction ought to be established at once so that young medical 
officers already partly trained and those wishing to render such service 
may be especially prepared for wartime duty. 

Tu the long past anesthesia has been looked upon as an operating 
loom service solely. The term “anesthesiology” has been utilized in 
recent years to designate a larger service. It includes skill in the use 
of the various technical maneuvers and drug administration found use- 
tul in putting patients ‘‘at ease” during surgery, but it goes much 
further than that. The supervision of physiologic processes, especially 
the function of respiration, during depression following head and chest 
injuries; after drug administration for pain relief; after gas poisoning; 
in shock and in pneumonia, involves the use of methods familiar to the 


anesthetist. The insertion of artificial airways in the presence of blood 
and mutilation of the respiratory tract, the administration of artificial 
atmospheres, the cleansing of the tracheobronchial tree when contami- 
nated, artificial respiration, the injection of locally acting anesthetic 
drugs to relieve the pain of fractured ribs and other bones, all these are 
technical procedures familiar to the well-trained anesthetist and useful 
for the safety and comfort of the injured. In military practice such 
service ought often to be rendered under field conditions. The need for 
medical officers especially trained along these lines is obvious. 

It is highly desirable that those who are formulating plans for medi- 
cal military preparedness may include the assignment of at least one 
well-trained physician as anesthetist to each hospital unit. Arrange- 
ments ought also to be made for the training of an adequate number of 
medical officers in anesthesiology so that surgeons may be left free of 
the worry of providing such service for themselves. It is to be hoped 
that the present mobilization may include provision for such special 
training and assignment of medical officers from the beginning, without 
waiting for the demonstration of such need after field operations have 
begun. 

— Ralph M. Waters , M.D. 

Madison, Wis, 
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Table I 

Theories of Shock 


1. Nervous 

Vasomotor exhaustion 

Mitchell, Morehouse, and Keen (1864) 

Fischer (1S70) 

Exhaustion 

Crile (1897-1920) 

0 ’Sliaughnessy and Slome (1935) 

Inhibition 

Meltzer (1908) 

2. Fat embolism 

Bissell (1917) 

W. T. Porter (1917) 

3. Arterial vasoconstriction and capillary congestion 

Mapother (1S79) 

Malcolm (1893-1909) 

Starling (1918) 

Erlanger, Gesell, and Gasser (1919) 

4. Acapnia 

Henderson (1908) 

5. Acidosis 

Cannon (1919) 

6. Hyperactivity of adrenal medulla 

Bainbridge and Trevan (1917) 

Freeman (1933) 

7. Exhaustion of adrenal medulla 

Sweet (1918) 

8. Adrenal cortical insufficiency 

Swingle, Pfiffner, et al. (1933) 

9. Traumatic toxemia 

Cannon, Bayliss, and British Medical Research Committee (1918) 

10. Traumatic metabolites giving capillary atony and tissue anoxia 

Moon (1932-1938) 

11. Local fluid loss 

Phemister (1927-1930) 

Blalock (1930) 

12. Progressive oligemic anoxia 

Harkins (1940) 


This idea is supplemented by the finding in shock patients that the 
nerve cells of the brain show pathologic changes at necropsy. These 
changes were assumed to be evidence of exhaustion. This finding, upon 
which several books were based, in turn was founded for many years 
on the observations of one neuropathologic technician. Crile ’s first book 
appeared in 1899 and Lockhart Mummery (1905) agreed with the ideas 
of Crile on vasomotor exhaustion, with the result that in England this 
theory became known as the Crile-Mummery hypothesis as to the origin 
of shock. 

Gray and Parsons (1912) recognized other factors causing nervous 
change, stating in this regard: “Anaemia and starvation of the central 
nervous system — if this is carried to a sufficient degree, the recovery of 
the centers is rendered impossible.” These authors also found that, if 
a severely shocked animal was subjected to a needle puncture into the 
floor of the fourth ventricle, a marked rise in blood pressure occurred. 
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proportion of blood in the arteries and capillaries and that in the venous 
trunks gave a rough estimate of the depth of the shock. Crile also said 
that, when the splanchnic area was not involved in the manipulations of 
an experiment, “autopsies did not reveal a condition of vascular dis- 
tension in this area different from that of other areas. ’ ’ 

It is noteworthy that Henderson was cognizant of the lack of vasomotor 
collapse in shock as early as 1908, stating that the blood pressure fall in 
shock “is not due to abolition of the peripheral resistance in the arterial 
system. No inhibition or fatigue or failure of any sort occurs in the 
vasomotor system. On the contrary, this mechanism is intensely active 
in an effort to compensate the lessened blood stream. ’ ’ 

Malcolm was also an early advocate of the importance of fluid loss 
being a factor in shock. He listed it more as a secondary phenomenon 
than as an initiating cause. As evidence for this he cited Crile ’s observa- 
tion that saline solution was often of little value in late cases, apparently 
passing readily out of the veins, and pointed out that in formulating his 
theory, Crile “did not even mention the possibility that the fall of blood 
pressure might be due to a loss of fluid. ’ ’ 

Malcolm then concluded: “A fall of carotid pressure arising from 
an intense vascular contraction is possible only if fluid escapes freely 
from the vessels into the tissues or out of the body. The chief danger 
of developing shock is that the tissues may be starved by arterial contrac- 
tion.” 

Malcolm then advised against the indiscriminate use of vasoconstric- 
tors. The remarkable thing about this work, which was well in advance 
of its time, is that, as Malcolm himself admitted, it was based entirely 
on clinical observations. Since those with whom he was arguing had 
performed numerous experiments, this shows once more that accurate 
clinical observation with carefully drawn conclusions is better than 
improperly controlled or incorrectly interpreted experiment. 

In 1908 two prominent theories of shock appeared, the acapnia theory 
of Henderson and the inhibition theory of Meltzer. The research of 
Henderson (1908) is classic in the field of shock. He showed that 
acapnia will produce shock, and, while it has since been demonstrated 
that shock may occur without acapnia, yet these studies of Henderson 
contain several fundamental observations on circulatory changes in shock 
that represent important discoveries. The review of this theory written 
by Henderson in 1913 is of especial interest. Meltzer ’s theory can best 
be explained by the following direct quotations. 

“In shock the activity of the functions is depressed or suspended. . . . 
The various injuries which are capable of bringing on shock, do so by 
favoring the development of the inhibitory side of all the functions of 
the body. . . . With regard to shock, our theory assumes that the injuries 
which produce shock disturb the equilibrium, causing a tendency toward 
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surgeon, the exhaustion of the nerve centres by afferent stimulation of 
sensory nerves is a wholly negligible factor in the production of shock.” 

Imspeetive of tin* merits ol Crile’s theory, his efforts at blocking pain- 
tm stimuli went far in reducing the trauma attendant on operation. 
Ibis, no matter what theory one upholds, has been shown by modern ex- 
periment to he ot importance in preventing shock. Even if wrong, from 
the piaelieai standpoint, the Crilo-Miimmery hypothesis has proved to 
he a useful error. 


During the next, tew years after Crile's first publication, numerous 
studies were made that showed that the vasomotor center, at least, is not 
exhausted in shock; in tact, that it is almost overaetive. The research 
of Porter (1907-1908) is of interest in this regard. As later quoted by 
Janeway and Ewing (1914) : ‘‘Porter obtained in numerous experi- 
ments a greater percentage rise of blood pressure by stimulating the 
sciatic or vagus or splanchnic, or a greater percentage fall by stimulating 
a depressor nerve after the blood pressure had been reduced in shock 
than before the shock had been produced. . . . Nevertheless, the absolute 
rise or fall in Porter's experiments was very great and the experiments 
furnish strong evidence of the absence of fatigue in the primary stages 
of shock. ’ ’ 


Just as Porter (190i-190S) claimed to show explicity that in shock the 
vasomotor center is not exhausted and, therefore, implicitly that the 
peripheral vessels are not paralyzed, so Seelig and Lyon (1909) claimed 
to show explicit^ that the peripheral vessels are contracted and im- 
plicitly that not all the vasomotor centers can be exhausted. The classic 
observations of Malcolm (1893, 1905) on the constriction of peripheral 
vessels in shock are of great interest. Sheen (1906) tended to agree with 
Malcolm in a purely theoretical paper. 

The article of Malcolm (1910) stands out as one .years ahead of its time 
and deserves quotation. Malcolm discussed Crile’s paper on the theory 
that the vasomotor centers are paralyzed in shock. He pointed out two 
statements in Crile’s works in opposition to tin’s conclusion. Crile 
asserted that both before and after death from shock “the arteries were 
lite emptv, the tissues pale. There was a manifest transference of the 
blood from the arteries and the capillaries to the veins. . . . The relative 
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proportion of blood in the arteries and capillaries and that in the venous 
trunks gave a rough estimate of the depth of the shock. ’ ’ Chile also said 
that, when the splanchnic area was not involved in the manipulations of 
an experiment, “autopsies did not reveal a condition of vascular dis- 
tension in this area different from that of other areas. ’ ’ 

It is noteworthy that Henderson was cognizant of the lack of vasomotor 
collapse in shock as early as 1908, stating that the blood pressure fall in 
shock “is not due to abolition of the peripheral resistance in the arterial 
system. No inhibition or fatigue or failure of any sort occurs in the 
vasomotor system. On the contrary, this mechanism is intensely active 
in an effort to compensate the lessened blood stream.” 

Malcolm was also an early advocate of the importance of fluid loss 
being a factor in shock. He listed it more as a secondary phenomenon 
than as an initiating cause. As evidence for this he cited Chile’s observa- 
tion that saline solution was often of little value in late cases, apparently 
passing readily out of the veins, and pointed out that in formulating his 
theory, Chile ‘ ‘ did not even mention the possibility that the fall of blood 
pressure might be due to a loss of fluid. ’ ’ 

Malcolm then concluded: “A fall of carotid pressure arising from 
an intense vascular contraction is possible only if fluid escapes freely 
from the vessels into the tissues or out of the body. The chief danger 
of developing shock is that the tissues may be starved by arterial contrac- 
tion. ’ ’ 

Malcolm then advised against the indiscriminate use of vasoconstric- 
tors. The remarkable thing about this work, which was well in advance 
of its time, is that, as Malcolm himself admitted, it was based entirely 
on clinical observations. Since those with whom he was arguing had 
performed numerous experiments, this shows once more that accurate 
clinical observation with carefully drawn conclusions is better than 
improperly controlled or incorrectly interpreted experiment. 

In 1908 two prominent theories of shock appeared, the acapnia theory 
of Henderson and the inhibition theory of Meltzer. The research of 
Henderson (190S) is classic in the field of shock. He showed that 
acapnia will produce shock, and, while it has since been demonstrated 
that shock may occur without acapnia, yet these studies of Henderson 
contain several fundamental observations on circulatory changes in shock 
that represent important discoveries. The review of this theory written 
by Henderson in 1913 is of especial interest. Meltzer ’s theory can best 
be explained by the following direct quotations. 

“In shock the activity of the functions is depressed or suspended. . . . 
The various injuries which are capable of bringing on shock, do so by 
favoring the development of the inhibitory side of all the functions of 
the body. . . . With regard to shock, our theory assumes that the injuries 
which produce shock disturb the equilibrium, causing a tendency toward 
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other influences must become secondarily active . . . anemia, asphyxia 
oi even fatigue . . . might become operative.” 

• • ^ ^ e u ,s > MI-1 to 1918. These years saw a continued increase 

i l interest in shock. It is worthy of note that most of this was on the side 
ot the allied armies. The work of Mann (1915) was the earliest on the 
decrease in bleeding volume (and lienee, infcrentially, of the blood 
\o umc . i aim showed that in a normal dog 66 per cent of the blood 
could be obtained from the femoral artery, while in an animal in which 
le usceia lad been exposed until the clinical signs of shock were 
piesent,. ut m vhieli the vasomotor reflexes are as active or even more 
so t ian in the noimal condition,” only 2S per cent of the blood could be 
leeoveie . Shock produced by overdosage of ether or cervical cord 
section produced no such drop. Furthermore, Mann attributed the low 
blood volume and shock to a local loss of circulatory fluid. 

The comment of Gatch in the discussion of this paper reveals how ad- 
vanced the views of Mann were. Discussing the shock due to exposure 
of viscera, Gatch said.- “The gist of Mann’s article is that shock and 
hemorrhage are practically identical, that experimental shock is simply 
due to an extensive extravasation of the elements of blood into the 
peritoneal tissues, that this change is due to a traumatic inflammation 
and that the central nervous system has little to do with the condition.” 


B oodgood in the same discussion disagreed with these conclusions, 
but Mann stuck to his views as shown by a later paper (1918). 

Several other bits of information were obtained at this time. Guthrie 
(1917) demonstrated quantitatively that vasomotor tone is present in 
shock. Guthrie (191S) found no hemoeoncentration accompanying ex- 
perimental shock due to excessive nerve stimulation. The experiments 
of Guthrie (191S) on absence of shock following intravenous lactic 
acid injection tended to discount the acidosis theory. Porter (1916) 
emphasized the impoi tance of observation of the diastolic pressure in de- 
termining the seriousness of shock. 


Henderson, Prince, and Haggard (1917) made early observations on 
the metabolism of burns. They found that “the condition of shock in- 
volves a profound depiession of metabolism, the oxygen consumption 
falling 45 per cent in one experiment and 50 per cent in another. This 
depression of metabolism is progressive, and ends in death.” 

The series of seven articles appearing in the American Journal of 
Physiology (1919) from the laboratory of Joseph Erlanger, of St. Louis, 
with the cooperation of Gesell, Gasser, and Meek marks an important era 
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in the understanding of the physiologic changes in shock. Erlanger and 
his associates studied shock after manipulation of the intestines, 
adrenalin injection, and aortic and caval occlusion. They noted that, 
following manipulation of the intestines, “a considerable loss of fluid 
from the exposed bowel occurs as a result of transudation through the 
serous surface, and presumably into the tissues also. ’ ’ Gasser, Erlanger, 
and Meek (1919) found that 20 per cent acacia was of benefit in experi- 
mental shock. Erlanger and Gasser (1919) showed by quantitative ex- 
periments that sodium bicarbonate injections increased the mortality 
following shock production. The studies of Gesell (1918, 1919) on the 
decrease of the volume flow of blood in shock and hemorrhage are classic. 
In 1918 Gesell found a marked reduction of volume flow in peripheral 
organs while the blood pressure was still well maintained. 

At about this same time Porter (1917-1919) presented his fat embolism 
theory of the origin of shock. It is of interest that Mansell-Moullin 
(1894) mentioned fat embolism as a possible cause of shock. 

Also at this time several important advances in treatment were intro- 
duced. The use of gum acacia was begun and blood transfusion was 
developed. General care was improved. The idea of Brown (1917) 
that, since shock is due to exhaustion, operative shock can be prevented 
by jejunal feeding of peptonized milk during the operation is quite out 
of date, despite the fact that the method may have other virtues (e.g., 
treatment of chronic hypoproteinemia) . 

The reports of the Medical Research Committee in 1919 mark an 
historic epoch in the study of shock. While many of these studies, per- 
formed under the exigencies and haste caused by the demands of war, 
were later proved inaccurate, probably more real advances and correct 
observations were reported in these few green-covered pamphlets than 
ever before or since. The work of Wallace, Dale, Laidlaw, Richards, 
Bayliss, Cannon, Keith, MeNee, Sladden, McCartney, Telfer, Cowell, 
Fraser, Hooper, Drummond, Taylor, Robertson, Bazett, Bock, and Mott 
represents the united efforts of men from many disciplines of science to 
solve a gigantic problem. 

A marked decrease in body temperature is often a striking feature of 
secondary shock. Henderson, Pi'ince, and Haggard (1917) in a pre- 
liminary note mentioned a marked drop in metabolism in two dogs in 
shock. In experiments on cats under urethane anesthesia, Aub (1920) 
found a marked fall in the rate of basal metabolism after trauma to an 
extremity. The degree of fall was roughly proportional to the severity 
of shock produced, and recovery from shock after blood transfusion 
was usually associated with a prompt return of the metabolic rate to a 
normal level. 

Aub (1920) also noted that the blood pressure change is often a late 
sign of shock, stating: “After muscle injury the metabolism may be 
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reduced before a "real, fall in blood pressure has occurred. . . . The 
volume, jloiv of blood [italics Aub'sJ determines the oxygen delivery to 
the tissues, and this may vary to some degree without corresponding 
variation in blood pressure.” 

Aub (.1920) reported that in animals with marked muscle trauma 
but without true shock only slight changes in the nonprotein nitrogen, 
urea, creatine, and sugar values in the blood occurred. These con- 
stituents, especially the creatine and the sugar, rose markedly as shock 
developed. He concluded that “the marked rise in creatine is direct 
evidence of the presence in the blood of products of muscle necrosis, and 
is therefore suggestive evidence for the theory of the chemical cause of 
traumatic shock.” 

As long ago as 191S, several French observers ascribed shock 
phenomenon to a liver insufficiency and Aub (1920) cited this as a pos- 
sible cause for the hyperglycemia often observed. Richet and Flament 
(191S) noted toxic changes in the liver following shock. 

Work on Shock in the Early 1920’s . — Several isolated articles of in- 
terest appeared at about this time. Bock (1921) showed that, while the 
erythron may vary widely in medical cases, the volume of the blood 
plasma remains remarkably constant. The studies of Cannon and 
Cattell (1922) on blood pressure and the use of morphine in shock are 
of importance. That small hemorrhages will actually increase the plasma 
volume, probably because of inflow of tissue fluids, was shown by Carrier, 
Lee, and Whipple in 1922. A year later appeared Cannon’s monograph, 
Traumatic Shock. This book summarized all the work done on shock 
during the War and all the output of the study stations at Dijon and 
Bethune. It was so complete that it seemed to close a chapter in the 
study of shock. In the remaining years of the 1920 ’s relatively little was 
published on the subject and it remained for the 1930 ’s to usher in the 
renewed interest that is to be reviewed in the present paper. 


CLASSIFICATION 

Classifications of shock fall into three main groups. The first is de- 
termined by origin; i.e., traumatic shock, operative shock, burn shock, 
obstetric shock, medical shock, etc. This is a purely descriptive 
differentiation. A somewhat more analytical one differentiates primary 
•uid secondary shock. Since it has been shown by Harkins (1935) and 
others that the changes leading to secondary shock begin as soon as the 
accident or other precipitating factor occurs, this classification is some- 
what faulty. The so-called primary shock, then, is of two types : first, 
T 1 eudoshock state in a patient whose condition is one of uncom- 
? P , blood pressure fall and in whom any relation to true shock is 
P 1C 0 j nc idental; and second, the period in a truly shocked patient 

on ^ n dary shock state is in progress of development but is 

where the seem j 

not yet obviously manifest. 
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Theories or Shock 


Roohe's “Unified Theory of Shock’' 


STAGE 1 

STAGE 2 

STAGE 3 

STAGE -I 

Several causes: (lo- 
cal loss of fluid, 
including hemor- 
rhage in traumat- 
ic shock ; others 
in other types) 
dehydration or 
starvation con- 
tributory 

Eeduced circulat- 
ing Mood -vol- 
ume: vasocon- 
striction. by 
sympathico- 
adrenal action 
contributory 1 ? 

Decreased blood 
flow, capillary 
damage and in- 
creased perme- 
ability: Pre-ex- 

isting reduced 
flow, infection or 
disease, and anox- 
emia contributory 

Peripheral circu- 
latory failure 
and death 


This second classification is faulty in the first instance in that the con- 
dition is primary, it is true, but not shock ; while in the second instance 
it is shock but is not primary. It has served a useful purpose, however, 
in allowing work such as that of Blalock (1933), Roome, Keith, and 
Phemister (1933), and Pliemister and Livingstone to differentiate be- 
tween the changes occurring in the two types. It would be well to 
abandon the term primary shock. The word shock might well not be 
applied at all to the pseudoshock condition now called primary shock. 
“Developing” or “impending” shock would be better names for the 
early stages of actual shock. 

The third, and possibly the best, classification of shock is that of 
Blalock (1934), which is as follows: 

1. Hematogenic Type (Oligemic Type). — This comprises what is 
usually called secondary, traumatic, and operative or surgical shock. 
The essential feature is the oligemia as the initiating factor with the 
blood pressure fall secondary. 

2. Neurogenic Type. — This comprises what is usually called primary 
shock, and its essential feature is the primary fall in blood pressure. 
If allowed to remain at a low level for a prolonged period, this will 
lead to oligemia secondarily. Shock due to spinal anesthesia or fainting 
is of this type. 

3. Vasogenic Type. — Histamine shock is of this type, the action being 
directly on the blood vessels. 

4. Cardiogenic Type . — In this central type of shock in contradistinc- 
tion to the three previously cited types of peripheral circulatory failure, 
the veins are distended. This type is undoubtedly rare. 

DEFINITIONS OF SHOCK 

r ravers (lS2(i) Shock is a species of functional concussion by which 

the influence of tlte brain over the organ of cir- 
. oulation is deranged or suspended, 

lloleasse (1834) An arrest of innervation without which all organs 

pass into insensibility. [An old wav of ex- 
pressing Aleltzer’s inhibition theory,] 

Gross (1872) A manifestation of a rude unhinging of the 

chinerv of life. 


mu- 
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I’icehaud (1880) 


Mansell-Moulliu (1SS2) 
Huger (1S92) 


Lockhart Mummery (1905) 


Lockhart Mummery (1910) 
Gray and Parsons (1912) 
Morison and Hooker (1915) 
Brown (1917) 


Queuu (191S) 
Cannon (1919, 1923) 
Meek (1920) 
Schuberth (1930) 
Davis (1937) 


Tomb (1937) 

Griswold (1938) 
Moon (1938) 


Devine (1939) 

Minot and Blalock (1940) 

Selve, Dosne, Bassett, and 
Whittaker (1940) 
Freeman (1940) 



l.u choc cut mi tint general plus on moins grace 
consccutif aux traumatismes, spccialcment aux 
plaits par armes il feu ct aux grands ccrase- 
waits, caractCnsc par I’affaihlissemcnt des pulsa- 
tions tin cocur, I’ahaissemcnl de la tension, la 
piilcur (Its t i.s.v its, un certain degre d’ancsthcsie 
joint il la faiblcsse musculairc, accc conservation 
dc l’ intelligence. 

A sudden check to the circulation brought about 
through the agency of the nervous system. 

/.c choc cut ii n ctat morbide qui peut se produire a 
la suite dc fortes excitations du systSme nerveux 
ct qui caractvrisc par un ensemble d’actes in- 
hibitoircs ilont un scul, I'drret des echanges 
entre Ic sang ct les ties us semble constant et in- 
dispensable. 

Surgical shock is a condition produced by exhaustion 
of the vasomotor centers and the resulting great 
fall in blood pressure. 

A condition of lowered blood pressure resulting from 
exhaustion of the vasomotor centers. 

The reaction of the central nervous system to exag- 
gerated or abnormal afferent impulses. 

A low arterial blood pressure of such duration that 
recovery is impossible. 

Exhaustion of the food material — the Nissl gran- 
ules — stored in the nerve cells, more particularly 
those of the vasomotor centres. 

Toxemic traumatique depressive. 

Exemia. 

A decrease in the effective circulatory volume. 

A peripheral circulatory insufficiency. 

An anoxemia which is the resultant of such factors as 
oligemia, lowered blood pressure, diminished flow 
of blood, and peripheral vasoconstriction. 

The collapse of the circulation from over-stimulation 
of the sympathetic nervous system. 

A deficiency in circulating blood volume. 

A circulatory deficiency, neither cardiac nor vaso- 
motor in origin, characterized by decreased blood 
volume, decreased cardiac output (reduced vol- 
ume flow) and by increased concentration of the 
blood. 

A state of depression of all the reflex arcs accom- 
panied by circulatory depression. 

Peripheral circulatory failure resulting from a dis- 
crepancy in the size of the vascular bed and the 
volume of intravascular fluid. 

A condition of suddenly developing general damage. 

The clinical condition characterized by progressive 
loss of circulating blood volume, brought about 
by the tissue anoxia which results from inade- 
quate circulation. 

A progressive vasoconstrictive oligemic anoxia. 

An oligemia initiated by traumatic local fluid loss, 
either whole blood, plasma or both; accompanied 
by decreased cardiac output, diminished volume 
flow, lowered venous pressure, decreased oxygen 
consumption, arteriolar vasoconstriction, acapnia, 
and secondary blood pressure fall; and perpetu- 
ated by a summation of these factors and pos- 
sibly hyperpotassemia, increased generalized 
capillary permeability, anoxia, action of tissue 
metabolites and deficiency of adrenal cortical 
hormone. 
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The list of definitions given above is not complete but represents a fair 
survey of the historical development. Mortimer (1912) criticized Gray 
and Parsons’ definition of shock, stating that it would necessitate con- 
sidering that operative shock began when the incision was made. This 
would seem to be unjust and the same criticism could be leveled against 
some of the more modern definitions. It seems logical to assume that 
the factors leading to shock actually begin at the time of the original 
injury, even if they only become manifest later. 

The definitions of Cannon, Meek, Schuberth, Freeman and Griswold 
seem accurate. Tomb’s definition is correct but may overemphasize one 
aspect of the question. Davis’ and Moon’s definitions are quite com- 
plete, and, if Moon would insert the word “progressive” before “hemo- 
concentration, ” I would agree entirely with the modified definition. 
My definition would apply directly only to Blalock’s oligemic type and 
not so well to his other three types. 

Shock must in nowise be confused with the so-called “shock disease” 
occurring in snowshoe rabbits. This disease is essentially a fatal hypo- 
glycemia of snowshoe hares, caused by the shock of unnatural conditions, 
and is associated with a disturbance of carbohydrate metabolism result- 
ing from liver degeneration. 

FOREIGN LITERATURE 

Short, of Bristol, England, noted as long ago as 1913 that, judging 
from the literature, most interest in shock was in the United States and 
England, and most of that in the United States. This was later true 
during World War I and thereafter. Parsons and Phemister (1930) 
noted the interesting fact that shock received relatively little attention 
from the Central Powers during World War I. The observation of blood 
pressure during operations introduced into this country by Cushing has 
only lately been adopted in Europe, and then to a very min or extent. In 
a few clinics a machine known as the Kardiotron keeps a record of blood 
pressure (Jaeger, 1937) . It is quite possible that an explanation for this 
relative lack of interest in Continental Europe rests in the fact that the 
clinical men have not paid so much attention to the subject there. 
Irrespective of the fact that many of Crile’s early ideas on shock have 
not stood the test of time, he served as an inspiring example to interest 
other surgeons in this country in the subject. Possibly that alone ex- 
plains a portion of the preponderance of attention received by shock on 
tliis side of the Atlantic. 

Germany . — Most of the best studies on shock are quite recent. Ex- 
cellent reviews by Liebmann, of Zurich (1937), and of Eppinger (193S) 
on capillary permeability should be consulted. The fundamental studies 
of Rein (1937), of Gottingen, are especial contributions of German 
physiology to the shock problem. Among the German publications, those 
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oL' Lwig and Jvlolz (11)32) arc of especial importance. Tliesc autliors 
stuc itd the postoperative changes in blood and plasma volume by means 
of the GO method and hematocrit readings and found a reduction in both 
volumes. Studies have been made in Germany by Ewig (193S) on 
shoelc in burns, by Meessen (11)3S) on insulin shock, by Bruner (193S) on 
liemoiihagic shock, by Budclmann (1D3S) on ‘‘orthostatic” shock, by 
Selnviegk (1938) on shock accompanying pulmonary emboli, and by 
Hansen (193S) and Parade (193S) on obstetric shock. Other studies are 
considered under the appropriate heading in the present article. During 
the year 1938-1939, I was in Europe on a Guggenheim Fellowship to 
study shock experimentally and clinically. In visiting various clinics, 
the question of shock was usually brought up. The head of one of the 
largest Viennese surgical clinics was asked if lie used blood or saline 


solution in the treatment of shock. lie replied: “Never. My only 
treatment of shock is to elevate the foot of the bed and put novocain in 
the wound.” This reflects the shock treatment in many European 
clinics, while others are quite modern. 


France. Since World War I, the subject of shock lias not been studied 
as much in France as in this country. The work of Lambret, Driessens, 
Malatray, and Bizard, of Lille (1936, 1937), forms an exception to this 
rule. These workers have made an extensive study of the postoperative 
changes in blood chemistry and their relation to shock. Their observa- 
tions on the decrease in blood volume attending clinical and experi- 
mental shock are quite complete. They recognized the importance of 
plasma loss and resultant exemia, but also considered a toxic factor due 
to polypeptidemia. 


Great Britain .—' The studies of Holt and Macdonald (1934), 
O’Shaughnessy and Slome (1935), Marriott and ICekwick (1935, 1936), 
Bell, Clark, and Cuthbertson (1938), Wilson and Jamieson (193S), and 
others are so extensive as to necessitate their being considered elsewhere 
in this paper. Contributions from Sweden, Russia, Italy, Spain, and 
other countries are also considered elsewhere. 


REVIEWS 

Reviews of the subject of shock include the following: 1930: Bla- 
lock; 1931: Blalock, Beard and Johnson; 1932: Rukstinat; 1933: 
Beard and Blalock, Blalock; 1934: Blalock, Cannon; 1935: Andrews, 
Dale, Frazier, Holt, Mann and Essex, O ’Shauglmessy, Orr, Slome; 
1936: Meek; 1937: Boyers, Clement, Tomb; 193S: Golhvitzer-Meier, 
Heinemann, Kirschner, Koch, Mahaffey, Roome; 1939: Allen, Catted, 
et ah, Cressman and Blalock, Devine, Ravdin, Relm, Meyler; 1940: 
Wilson Best and Solandt, Blalock, Harkins, Meakins, Moon, Selye, and 
a , ■’ Warner and Monaghan. A practical review of shock therapy 

by Fantus and Seed (1940). 
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The recent review of Peters (1940) very succinctly summarizes the 
relations of the chemical structure of the blood to surgical problems A 
recent review of obstetric shock by Mathews (1939) is of interest Im- 
portant editorials on shock appeared in 1917, 1934, 1935, 1939, an 
1940. Recent books entirely on shock are those of Moon (1938) and of 
Scudder (1940). Another book giving major emphasis to the subject is 
that of Blalock (1940) on Principles of Surgical Care, Shock, and Other 

Problems. 

McDowall (1940) in his excellent review on shock depicted the vicious 
circle (“the death cycle”) as follows: 

Reduced 
cardiac output 

t 1 


Reduced cardiac filling 

t 

Reduced venous return 


V 

Low blood pressure 
Reduced blood flow 

4 

Asphyxia 


Reduced 

peripheral 

resistance 


- Capillary dilatation 

'4 

Fluid loss 
4 

Blood concentration 


Moon’s Book . — This book represents such a forceful and in many ways 
important contribution to shock literature that it deserves a section by 
itself. Published in 193S, the first book on the subject in any language 
for fifteen years, it epitomizes the observations made by Moon and his 
associates at the Department of Pathology of Jefferson Medical College, 
Philadelphia. The title of the book, Shock and Belated Capillary 
Phenomena, at once indicates the author’s theory that shock is a capil- 
lary phenomenon. 

The first portion of the book includes an excellent review of capillary 
structure, physiology, and pathology. This discussion leads to that of in- 
flammation, and from here it is only a step to the exposition of the 


Table III 

Summary of Evidence for Moon’s Hypothesis: 


‘‘The Wheai. Is Shock in Miniature” 


KEA<T!OX 

WHEAL 

SHOCK 


Capillaries 

Local dilatation 

Dilatation in visceral 

areas 

Permeability 

Local increase 

Increased in visceral 

areas 

Edema 

Develops locally 

Develops in visceral 

areas 

Stasis 

Develops locally 

Develops jn visceral 

areas 

Capillary hemorrhages 

Occur locally 

Occur in various tissues 

Perspiration 

Present locally 

Usually profuse 
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author’s tiicory that a 


“wheal is shock in miniature.” 


After a discussion 


of shock, the third part of the book considers various surgical and 
medical conditions in which a shocklike syndrome may exist. This last, 
again, is very instructive and valuable from a therapeutic standpoint. 
In fact, these two peripheral parts of the book are almost indisputable 
and only the ideas about shock in general are open to question. 

Before passing on to a criticism of Moon's theory, it would be wise to 
state that theory briefly. Moon’s definition of shock has already been 
given. If one phase of it were to be modified, it would be “character- 
ized ... by increased concentration of the blood.” Moon, as will be dis- 
cussed below, does not believe hemorrhagic shock is typical, and thus 
excludes it by the above statement. However, changing the word “in- 
creased” to “increasing” ■would allow hemorrhagic shock to be included 
in the definition (since after bleeding has stopped the blood tends to 
concentrate if shock is present). The following quotation from Moon’s 
own summary best explains his ideas : 


The circulatory deficiencies result from a disparity between the volume of blood 
aud the volume-capacity of the vascular system. The factors in this disparity are: 
(1) Those which increase the volume-capacity and (2) those which decrease the total 
volume of blood. 

The prime factor causing an increased capacity, is dilatation of the capillaries. A 
large fraction of the total capillary stream bed, which under normal conditions is 
closed and bloodless, is simultaneously opened to circulation. Not only is the total 
number of open capillaries raised above normal, their diameters are increased, thus 
raising their volume content. 

Relaxation of sympathetic nerve tonus may be a factor in the capillary dilatation. 
A more important factor is the direct response of the capillaries to physiologic 
agents, and to substances of external origin. Much has been said regarding a toxic 
substance originating in damaged tissues, and extensive chemical and biologic search 
has been made in etforts to demonstrate and identify it. These efforts have only 
established and confirmed the fact that in every particular its physiologic effect 
is like that of histamine. Its isolation and chemical identification have not been 


accomplished. 

Ia this search a consideration of highest significance apparently has been over- 
looked. Students of capillary physiology have shown, by evidence which has not been 
disputed, that metabolic substances discharged from tissue cells cause dilatation and 
increased permeability of the capillary endothelium with which they come in contact. 
Theso substances are liberated either by functional activity of the cells or by injury 
of any kind to the cells. In the one instance they initiate functional hyperemia, in 
L other, inflammatory hyperemia. 

This is a physiologic reaction and the agents which activate it should bo re- 
d as belonging to the group of chemical messengers whose importance in 
S ar 1 0 t t he body is so immeasurable. The accumulation of these substances 
the econ eircu j a tio n of blood to a large portion of the body is obstructed, or their 
when ie exc cssive amount following extensive injury to tissues, may produce 
liberation i QU £j ie S y 3 temic circulation. But such effect s arc merely an 

catastrophic 6 „ erat j on of the normal physiologic purpose which those substances 
enormous .exago substances as toxic requires a broad interpretation of that 

serve. T° desi D . delude the exaggerated effects of hormonal substances, 

adjective so that it may 
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Chemical investigations have not yet shown the exact composition of living 
cytoplasm nor of its derivatives given off during metabolic activity or released by 
injury. The increase in nitrogenous substances in the blood during shock suggests 
the presence in excessive amount, of substances derived from cells. 

tVhen an increased volume-capacity of the capillary stream bed develops, vaso- / 
motor reactions cause contraction of all the systemic arteries. The large venous 
channels likewise contract and the peripheral vessels become relatively bloodless. 

In early stages this is effective in maintaining undiminished blood pressure, but it 
is at the expense of the volume flow of blood. Stagnation and stasis develops [sic] 
in extensive capillary areas, resulting from the combined effects of their complete 
dilatation and of the decreased volume of fluid. 

Frequently the same agent which relaxes the capillary walls renders them ab- 
normally pervious to blood plasma. The leakage of this into the tissue spaces causes 
the stasis to become permanent, reduces the total blood volume, causes hemocon- 
centration, reduces the venous pressure and lowers the volume of venous return 
flow to the heart. 

This type of circulatory disturbance develops in varying degrees. The capacity 
of the circulatory system to re-establish its physiologic equilibrium may be adequate 
in cases of minor severity. When the volume of blood returned from systemic areas 
is inadequate the arterial blood pressure declined progressively. This indicates that 
the mechanism of compensation is failing. 

As the volume flow of blood decreases the transportation and distribution of 
oxygen are correspondingly reduced. The effects of anoxia are then added to the 
already failing circulation and the self-perpetuating vicious circle is established. 

The factors which contribute to the circulatory disparity by reducing the blood 
volume are: loss of blood by hemorrhage, loss of plasma by leakage, and loss of 
fluid by perspiration, vomiting and diarrhea. Shock seen clinically or produced ex- 
perimentally usually results from a combination of the factors which increase the 
capacity of the vascular system with those which reduce the volume of blood. 

Shock is defined as a circulatory deficiency, not cardiac nor vaso-motor in origin, 
characterized by a decreased volume of blood, reduced cardiac output ( volume flow 
of blood ) and by hemoconcentration. The latter feature appears early, is easily 
determined and is seen in cases of moderate severity before variations in the blood 
pressure occur. For these reasons it is useful as an indicator. The following 
features are regularly associated when the syndrome is fully developed : lowered 
blood pressure and lowered basal metabolism, diminished renal excretion and usu- 
ally an increased cardiac rate. In advanced stages the coagulability and the oxygen 
content of the blood are decreased, the chlorides are below normal, and both the 
blood sugar and the non-protein nitrogen are increased. Each of these associated 
features may occur in other conditions but their combination with the circulatory 
deficiency described completes the sydrome of shock. 

A consideration of Moon ’s book involves two points : First, an estimate 
of iiis criticism of other theories ; and second, an assay of his own. Con- 
sidering the first of these, the following points stand out : 

1. Moon contends that the bisection type of experiment, as used by 
Blalock, Phemister, and others, includes a factor of error which was not 
taken into account. To quote him (page 147) : ‘’As fluid escapes from 
the blood into the tissues of the affected side, fluid is simultaneously 
absorbed from the tissues of the normal side thereby decreasing its 
weight. Suppose 100 Gm. of fluid were so shifted : the difference 
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'll weight Ot the two sides would be 200 Gin., but the actual gain of the 
a fleeted side would be only 100 Gm. The difference in weight includes 
unco [italics Moon’s] the volume of fluid shifted by dehydration and 
istn jution, and such experiments provide no means for determining 
what amount of fluid is thus shifted. This factor of error, multiplied 
!>y 2, occurs in all such computations.” 

This contention is itself in error in two respects: First, the amount 
of tissue traumatized or burned is not one entire half of the body, but 
only about one-sixth. In fact, in Blalock’s and Phemister’s original ex- 
pu intuits the weights of two opposite hind quarters, which represent 
about one-sixth of the body weight each, were compared. Let us sup- 
pose, as does Moon, that 100 Gm. of fluid is shifted into such a trau- 
matized sixth and that it is absorbed from the tissues of the normal 
five-sixths. Twenty grams of this absorption would be from the opposite 
hind quarter, so the difference in weight would be 120 Gm. This factor 
of eiioi of 1.2 is far from that of the 2 cited by Moon and is almost 
within the limits of experimental error. 


Second, there is no real reason for assuming that the fluid lost one 
place is absorbed elsewhere. As Moon himself says, the “fluid escapes 
fiom the blood,’’ and it is an assumption only that it is reabsorbed. 
Especially is this true when it is remembered that the blood volume in 
most experiments decreases by almost exactly the amount correspond- 
ing to the fluid lost locally, indicating that fluid is not “simultaneously 
absoibed from the tissues of the normal side thereby decreasing its 
weight.” 

2. Moon contends that shock and hemorrhage are different. He, like 
Goonse, Foisie, Robertson, and Anfranc (1935), makes no time classifica- 
tion of hemorrhage in stating this distinction. As pointed out elsewhere, 
Blalock (1934) showed that, while a rapid hemorrhage either produces 
death or lecoveiy in most instances, a slow hemorrhage with the blood 
pressure kept down over a period of hours will give all the signs and 
symptoms of shock with the typical “wet necropsy” of Moon. 

3. Moon states (page 134) .- Blalock’s sole criterion for shock was a 
decline in arterial blood pressure. ’ ’ This is quite untrue, as several of 
Blalock’s publications have had as their main thesis that, except as a 
terminal phenomenon, certain instances of experimental shock are accom- 
panied by practically no decline in blood pressure whatsoever. 

In other places Moon criticizes details of the work of those opposing 
the toxic theory without giving the context of their arguments. Thus, 
while in certain articles the experiments reported by Blalock were all 
performed under barbital anesthesia, in other reports of Blalock ether 
and other anesthetic agents were used. Therefore, barbital could not be 
the cause of shock in all of Blalock s experiments as Moon tends to infer. 
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The second point in considering Moon’s book is his own theory. Much 
of the evidence for a generalized fluid loss that Moon submits is qualita- 
tive. It may be true that in traumatic shock the viscera are engorged, 
but the important thing is the extent of the engorgement. Furthermore, 
many of these changes in the viscera are terminal or may be due to 
anoxia rather than to toxemia. Thus, cause and effect must be care- 
fully differentiated. The views of Blalock are in contradistinction to 
those of Moon in this regard, as evidenced by the following quotation 
from the former (1931) : 

“The main factor which is most likely responsible for the continued 
low blood pressure after injuries is not a general increase in capillary 
permeability with loss of fluid all over the body, but a loss of blood 
plasma through the walls of the damaged capillaries. ’ ’ 

Pictures presented in Slome’s article (1935), comparing the histology 
of shock and histamine poisoning, do not agree with those of Moon 
(193S). Slome showed a congestive picture in histamine shock and a 
negative one in traumatic shock; Moon showed congestion in histamine 
and traumatic shock and none in hemorrhagic shock. It is probable that 
different time factors explained these differences, the two instances of 
noneongestive picture, one presented by each author, representing acute 
experiments where there had not been time for stasis to develop. 

Then, too, Moon tries to avoid including hemorrhagic shock in his 
definition. This is not entirely logical and it is certain that there is no 
color line drawn when the fatal issue is called forth in the animal organ- 
ism from fluid loss. The fact that some of the lost fluid contains red 
cells doesn’t make it immediately less dangerous; if anything, the op- 
posite is true. But it is just in hemorrhagic shock that the differentia- 
tion between initiating factors and perpetuating factors is most easily 
drawn, and, certainly, toxins or tissue products are not initiating factors 
in hemorrhagic shock. This point will be considered more fully in a 
separate section on the differentiation between shock and hemorrhage. 

On the other hand, Moon’s hypothesis explains much of the irreversi- 
bility of shock. He shows why shock is fatal and why it is a general 
body reaction rather than a purely local or local-brain reflex phenom- 
enon. His book is an important landmark in the literature of shock 
and serves as a point of departure for much new research. 

Scuddcr’s Boole . — The appearance of two books on shock (this and 
Moon’s) within sixteen months is of interest. These two present the 
problem from quite different angles and it is to be noted that the second 
(Seudder’s) hardly discusses the first at all, the approach being so 
different. Seudder’s book contains more of an exposition of the litera- 
ture, while Moon’s includes a more critical review. Seudder’s own 
thesis is based on three main points as follows : 

1. “Blood studies as a guide to therapy.” This sentence is a quotation 
irom the title and indicates the importance the author places in these 
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observations. He makes an especial point of the use of the falling drop 
me! loci. lie thus makes an apjjlieatiou of the falling drop method of 
3ai mill and Hamilton (1926) and Kagan (193S) to the shock problem. 
One of the advantages of this method is that “these four tests [cell 
\olume, specific gravity of whole blood, specific gravity of plasma, and 
plasma proteins] can be done in 15 minutes time” (page 68), but this 
statement is hard to correlate with that on the preceding page that cen- 
ti ifuging for an hour is necessary. Furthermore, it seems that the added 
benefit of this method is purely technical and the same information can 
be obtained in other ways (viz., Van Allen hematocrits plus direct 
weight method of determining specific gravitj- of plasma and plasma 
proteins, etc.). Thus, Seudder applies a new, and possibly better, 
method for obtaining information ns to the progress of hemoconcentra- 
tion. He wisely states “that shock can recur despite the correction of 
oligemia, emphasizes, once again, that henioconcentration is only one 
of the many variable factors in shock.” 


It is noteworthj' that Seudder does not place all the emphasis on one 
aspect of the blood concentration (i.e., relative proportion of cells and 
serum), hut also considers the specific gravity of each separately and the 
relative protein content as well. Seudder thus considers several variables 
rather than one and it certainly is true that so complex a mechanism ns 
the mammalian organism has far more than one factor upset under the 
stress of shock. He states that one advantage of his specific gravity 
method of following blood concentration is that it is accurate to 10,000 
red cells per cubic millimeter; whereas, the ordinary red count is only 
accurate to 250,000. It is to he noted, however, that the Van Allen 
hematocrit gives values accurate to 1 part in 45 in a normal blood (about 
100,000 red cells). Brown and Clark (1939) found that the use of a 
graduated pipette and direct weighing gave a more accurate index of 
the plasma specific gravity than the falling drop apparatus. Bailey 
(1939) has applied the falling drop method of determining blood con- 
centration to eases of shock associated with nonpenetrating intra-ab- 
dominal injury. Although this writer praises the method, he gives no 
actual data in support of his conclusions. 

2. The use of cortical extract. This will be considered under the 
section on that subject. 

3 The increase in plasma potassium accompanying shock. This also 


will he considered under its appropriate heading. 

An appraisal of Seudder ’s book is difficult until its tenets have stood 
the test of time. The falling drop method of studying blood concentra- 
tion is certainly a technical help, even though other methods may give 
] the same information. The use of cortical extract has been 
mUC ] -ized by others, especially Swingle and his co-workers (1933- 
1938 ) al ^ut the real essential feature of the book is emphasis of the 
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hyperpotassemia factor. The question now arises : Is hyperpotassemia 
one of the many results (or accompanying factors) of shock that on their 
discovery seemed so important that they were attributed as being causes 
of shock? There is a long history of' such occurrences (acapnia, anoxic 
degeneration of nerve cells, fat embolism, low blood pressure, etc.) which 
have upon their discovery been graced with the title causative factor 
only to be later relegated to the scrap heap of results. This prompts one 
to consider the above question seriously. This type of reasoning, how- 
ever, cannot logically exclude the fact that hyperpotassemia may be a 
very important causative factor in shock. The difference between 
initiating and perpetuating factors must also always be kept in mind. 

Several of Scudder’s conclusions might be worth quoting at this time 
(the numbers are not Seudder’s) : 

1. Although erythrocyte counts and estimations of hemoglobin are 

used in measuring hemoconeentration, determination of the specific 
gravity of peripheral blood is superior because of its accuracy, speed, and 
greater sensitivity. * 

2. One common denominator in the phenomena of shock, whether ^ 
produced by tissue abuse, loss of fluids, hemorrhage, injections of 
toxins, destruction of the adrenal cortex, or stimulation of the sym- 
pathetic nervous system, is a rise in plasma potassium. 

3. Heat, adequate fluid administration, and the control of pain are 
important factors in relieving vasoconstriction, which is undoubtedly also 
of great importance. 

4. The efficacy of transfusion in the treatment of shock is again 
demonstrated. Better results, however, are obtained by giving both 
transfusions and salt solutions, since the latter, on the basis of well- 
established physiologic experiments, probably is of importance in combat- 
ing the underlying vasoconstriction. 

5. To state that shock is due alone to potassium poisoning is fallacious. 
That alterations in potassium in both the blood and body fluids serve 
:is a measure of profound cellular changes is probably more correct. 

II. INITIATING FACTORS IN SHOCK 

1 hroughout this discussion, the division into initiating, accompanying, 
and perpetuating factors is an arbitrary one. In each case there is con- 
siderable overlap. 

1. Local. Fluid Loss.— As long ago as 1913, Short stated: “The 
most probable cause of shock, in the writer’s opinion, is oligemia, induced 
by loss of fluid partly into the injured area, and partly through the 
capillaries all over the body in consequence of reflex vasoconstriction 
due to stimulation of the pressor afferent nerves.” Although over a 
quarter of a century has passed, this statement is remarkably up to 
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date. Short also stated that Mummery (1005), Malcolm (1905), Hender- 
son (.1908), Hoy and Cobbett (no reference given), and even Sherrington 
and Copcinan (1803) believed in transudation giving oligemia. 

't’he classic experiment that so long prejudiced workers against the 
fluid loss theory can best be referred to after quoting from Cannon’s 
original remarks (1910) : 

‘‘The development of a low blood-pressure after muscle injury was 
proved not to be due to loss of blood from the systemic circulation, 
by carefully skinning the posterior extremities after death, disarticulat- 


ing the legs at the knees and removing the thighs at the hip by sym- 
metrical cuts through the tissues; the thiglis were then weighed. The 
difference in weight was as low as 11 per cent of the estimated weight 
of the blood of the animal, an amount which the animal could readily 
lose without any fall of blood-pressure whatever.” 

It is to be noted that not only were the subcutaneous tissues — usually 
an important site of fluid loss— excluded, but also the loose regions of 
the groin, where most extravasated fluid migrates in such experiments. 
Furthermore, while the minimum of 11 per cent is given, no figures for 
the average are cited. It was only when these experiments were re- 
peated by Blalock and by Phemister that a true idea of the importance 
of localized fluid loss in traumatic shock was shown quantitatively. This 
work will now be considered separately. 

The Work of Blalock and of Phemister . — These two authors and their 
associates, working independently, are largely responsible for quantita- 
tively showing the importance of local fluid loss in shock. A quotation 
from Phemister ’s article in 192S is the first recorded statement based 
on experiment of the importance of local loss of fluid into the tissues 
in the production of secondary traumatic shock: 

“Furthermore, necropsy examination of the traumatized limb showed 
increase in limb volume from hemorrhage which was sufficient to ac- 
count for the fall in blood pressure. In fact, the volume of blood that 
it was necessary to withdraw intermittently in the course of an hour m 
order to kill an animal was always less than the increase in volume of the 
traumatized limb of the other animal, which was due very largely to 
hemorrhage in the tissues.” 


The article by Blalock (1930) entitled “Experimental Shock: The 
Cause of the Low Blood Pressure Produced by Muscle Injury” is cer- 
tainly one of the most important papers on the subject ever written. 
Usin' 0, a higher bisection than Cannon of hindquarters rather than be- 
the oroin, he found that, when one liindlimb of an animal was 
° ati^ed there was enough increase in weight of the traumatized side 
tiauim ijhe old Cannon-Bayliss experiments that had concluded 

to cause ^ enough increase had been performed at the lower level 

that iei edema that gravitates up into the loose tissue of 

and missed most oi 
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the groin. Furthermore, these old experiments were performed com- 
paring the weights of skinned extremities and again much of the 
edematous tissue must have been removed in the skinning. This paper 
also contains the following statements that should be reread by later 
writers who have not correctly quoted Blalock’s ideas on the identity of 
shock and hemorrhage. These are as follows : 

“Hence, there may he two types of hemorrhage, that outside the 
body associated with a dilution of the blood and that into the tissues of 
the body associated with, a concentration. ... It is believed that these 
experiments indicate that determinations of the number of red cells and 
the amount of hemoglobin do not show whether there has or has not been 
hemorrhage, but rather whether the hemorrhage is outside the body or 
into its tissues.” This last statement, especially, casts doubt on the 
thesis of those who put so much reliance on the presence of hemoconcen- 
tration in deciding their plan of treatment. 

Johnson and Blalock (1931) made most important observations on the 
time relations of the blood pressure fall and the decrease in cardiac out-- 
put in secondary shock (i.e., following burns, trauma to an extremity, 
trauma to intestines, and graded hemorrhages) and in histamine shock. 
The important finding was that the cardiac output dropped appreciably 
before the blood pressure in the secondary type of shock while the op- 
posite situation held for histamine shock. 

In studies on the effect of hemorrhage, Blalock (1934) observed that 
profound anesthesia by ether or barbital would give hemorrhage into the 
lumen of the intestinal tract and other tissue changes in control dogs. 
Using graded hemorrhage, the alterations in the tissues that accompany 
traumatic shock (the so-called “wet necropsy” of Moon) could be re- 
produced. Such graded hemorrhages performed under local anesthesia 
likewise resulted in a “wet necropsy.” Blalock further found that even 
when local anesthesia was used, if the blood pressure was kept at a con- 
stant low level for several hours by graded hemorrhages alternating with 
introduction of more blood, “death occurred in all the experiments, 
despite the fact that more blood was introduced than was removed.” 
Brooks and Blalock (1934) made observations quite similar to these. 
In agreement with Blalock (1927), Swingle, Pfiffner, Vars and Parkins 
observed (1934) that the slower the bleeding, the greater the quantity of 
blood which can be removed without symptoms of shock appearing. 

In an article appearing two months after Blalock’s, Parsons and 
1’hcmistcr (1930) reported work done independently that reached the 
same conclusions as had Blalock (1930). Also using a higher amputa- 
tion than Bayliss and Cannon (1919), Parsons and Pliemister found that 
a traumatized limb of a dog is heavier than the corresponding untrau- 
matized limb to an appreciable degree. This increase in weight was 
considered to be the “predominating factor in the production of the 
circulatory failure.” 
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“primary and secondary shock should be ree • Pmp hasizing that 
difference in etiology rather than difference int ■° 8niZ f d on tJle basis of 
point out that most cases of low blood pressm-^ °, occm ’ rence > ” tJi ey 
- ‘ or from 
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may be classed as psychogenic or neurogenic in origin. These reactions 
are essentially reversible and of minor importance. 

Beard and Blalock (1931) studied the composition of the fluid that 
escapes from the blood stream after mild trauma to an extremity, after 
trauma to the intestines, and after burns. They found the fluid to be 
comparable to plasma in chloride, sugar, and nonprotein nitrogen and 
the fluid protein value to be about 80 per cent that of the corresponding 
plasma. They concluded: “It is believed that the results of these ex- 
periments indicate that the loss of plasma proteins is the most important 
factor in the production of the low blood pressure after the procedures 
reported.” Certainly, this is an important observation, for the mam- 
malian organism can far less easily lose plasma than plain water. 
Blalock (1934) studied the influence of exposure to cold and of depriva- 
tion of food and water on the development of shock. He found that the 
latter two items had little effect on the resistance to hemorrhage and 
trauma. However, exposure to cold had a profound influence, depend- 
ing especially on its duration and the depth of anesthesia. 

In secondary shock Blalock (1933) reported a decrease in cardiac 
output before the blood pressure began to fall. In contradistinction 
to these results he found that primary shock (the immediate decline 
following striking the abdomens of anesthetized dogs) was accompanied 
by an increase in the cardiac output in seven of ten experiments. 
Furthermore, the oxygen consumption increased during and immediately 
following the traumatization in nine of ten experiments. 

When milder and nonfatal trauma was given in sixteen anesthetized 
dogs, Blalock (1931) found that the decrease in blood pressure was 
roughly proportional to the loss of plasma, as evidenced by the difference 
in weight of the traumatized and the opposite normal limb. Thus : 

5 experiments, final mean blood pressure 108 mm. Hg 

Difference in weight of limbs averaged 2.41 per cent body weight 

10 experiments, final mean blood pressure less than 70 mm. Hg 
Difference in weight of limbs averaged 3.66 per cent body weight 

Harris and Blalock (1931) found that over a period of hours the 
muscles of dogs anesthetized with barbital became more dehydrated than 
experimental animals submitted to trauma under the same anesthesia, 
although in all cases a slight dehydrating effect occurred. Other con- 
tributions of Blalock and of Phemister are considered under their appro- 
priate headings. 

Freedlunder and Lenliart (1932), as already stated, performed experi- 
ments quite similar to those of Parsons and Phemister (1930) and of 
Blalock (1930). These later experiments compared the shock resulting 
fiom trauma to normal eats and to cats with completely denervated 
limbs. The two series responded in a like manner to the trauma. 
I urthermore, the amount of fluid and blood recovered in the traumatized 
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nubs was quite similar m amount to that which produced death of other 

l " a ’ y ( ) GW In "- After “dulling nervous factors, Freedlander and 
Lon hart concluded: -The shock following trauma can he explained on 
l lie has is ot hemorrhage and local fluid loss.” 

Holt and Macdonald (1934), of Manchester, repeated the work of 

minister and Blalock with confirmatory results. They first did ex- 
periments with the blood returning from traumatized limbs and found 
on reinjection that the blood always gave a pressor rather than a de- 
pi essoi 1 espouse. Then in a series of ten dogs with trauma to one ex- 
icmity and comparison of the weights of the normal and traumatized 
im )s, t icj found the relative increase in weight of the traumatized 
SK L t0 cc * lia ^ 1 )C1 ’ cl ‘M M the calculated blood volume (a range of 30 
to pei cent). This value cheeks quite closely with those of Blalock 
and of Plieinister. Holt and Macdonald also found t hat shock developed 
in other animals following trauma just as readily when the nerve im- 
pulses were cut off by spinal anesthesia or when toxin absorption was 
pi evented by common iliac vein occlusion. 


flic important question arises as to the amount of fluid which, when 
lost from the blood stream, will produce death. Experimental reports 
differ somewhat on this score. Boyce, Lampert, and McFetridge (1935) 
leported that dogs could he bled 4.6 per cent body weight without shock 
or death resulting. Eoome, Keith, and Phemister (1933) reported that 
4.o per cent blood loss would produce death in dogs, and Johnson and 
Blalock (1931) found the same figure to be 5.1 per cent. Elman and 
Cole (1J34) found that deatli followed a 2.7 per cent loss of blood from 
hemorrhage in normal eats. Older observations on the extent of fatal 
hemorrhage in dogs include those of Bechamp (3 or 4 per cent body 
weight) and Huenerfautli (3.5 to 4.5 per cent body weight). Evidence 
obtained from plasmapheresis experiments indicates that experimental 
animals cannot tolerate the loss of plasma as well as whole blood. These 


latter experiments are open to tire objection that the reinjection of 
centrifuged cells after the removal of plasma may introduce factors that 
must be reckoned with besides the plasma loss. The centrifuged cells, 
even if not hemotyzed, may hasten the occurrence of deatli in an already 
weakened animal. Johnson and Blalock (1931) found that dogs would 
die after loss of varying amounts of blood plasma by plasmapheresis, 
dependent on the time interval. When the blood plasma was removed 
in amounts equalling 0.5 per cent weight at hourly intervals, the total 
amount removed in percentages of bodj r weight varied from 2.5 per cent 
plasma and 1 per cent whole blood to 3.5 per cent plasma and 0.S5 per 
cent whole blood. The average sum of these figures was 4.05 per cent, 
which was the average total loss of plasma and whole blood. The figure 
for the whole blood is necessarily included, because the animals died 
before the red blood cells from the last bleeding had been replaced. 
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The average increase in hemoglobin was 34 per cent of the control figures. 
When the bleedings were performed at six-hour intervals, the average 
loss was 2.4 per cent plasma and 0.2 per cent whole blood. The sum of 
these figures is 2.6 per cent, which was the average total loss of plasma 
and whole blood. The average increase in hemoglobin was 24 per cent of 
the control figures. Rooine, Keith, and Phemister (1933) found that 
an average plasma loss of 3 per cent body weight in a series of five dogs 
would reduce the blood pressure to a shock level. These authors found 
the terminal blood loss in this series to be 1.4 per cent body weight. This 
makes the total plasma and blood loss 4.4 per cent. The blood was con- 
centrated by this procedure, but no figures in this regard are given in 
this report. The authors state that removal of less plasma than whole 
blood would produce death. 

Harkins and Harmon (1937) did additional plasmapheresis experi- 
ments as shown in Table V, and found that the average amount of plasma 
which, when removed from experimental animals, will produce death, 
was 4 per cent body weight. It is noted from the table that the final 
blood pressure and extent of the hemoglobin and hematocrit rise, as 
well as the duration of the procedure, are all quite comparable to those 
occurring in other acute shock experiments. 

There seems to be, then, considerable evidence for the importance of 
local fluid loss being a significant initiating factor in the causation of 
shock. Robinson and Parsons (1931) have written concerning this 
concept. Frank (1938) is for local fluid loss and against nervous factors 
being the cause of shock. Much of the criticism of this theory is based 
on the misunderstanding that it should explain the whole course of a 
shock case. Because the diphtheria bacilli do not directly cause terminal 
myocarditis or tracheal obstruction, we do not argue that they are not 
the cause of the disease. Similarly, in shock, because a dying patient 
develops capillary congestion, increased capillary permeability, and 
breakdown of cell membranes with discharge of cell potassium, this does 
not argue that the original fluid loss, which precipitated these changes, 
was not the cause. However, to say that local fluid loss is the only 
cause or that it acts equally in all types of shock is like riding a good 
horse to death. 

2. Should Shock Be Differentiated From Hemorrhage? — Blum 
(1876) stated that shock is hemorrhage and hemorrhage is shock, and 
Ihis idea has been popular with some other authors since that time, 
lhe association of the two conditions, shock and hemorrhage, in prac- 
tice is epitomized by the introductory sentence of an article by Erlangcr 
and Gasser (1919): ‘‘The injuries that lead to shock in man almost 
always are accompanied by more or less hemorrhage.” 

On the other hand, Moon in his book (193S), as already stated above, 
tries to differentiate between shock and hemorrhage. This idea was 
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previously presented by Moon and Kennedy (1932) and since lias been 
presented by Moon in a separate article in the Annals of Su> g&i y (1939) . 

Coonse and associates (1935) , next to Moon, have been the most ardent 
recent proponents of the tenet that shock and hemorrhage are different. 
They stated that traumatic shock is accompanied by acidosis and in- 
creased blood concentration, while hemorrhagic shock is not. It is quite 
true that hemorrhage of sudden onset will have no acidosis immediately, 
but once depleted of blood the experimental animal will soon develop 
acidosis. Furthermore, if the hemorrhage is completely arrested, the 
blood thereafter may become concentrated just as in other shock, espe- 
cially if the blood loss has been gradual. Later, Coonse and his co- 
workers admitted that slow hemorrhage simulates traumatic shock. 
These authors also stated : ‘ ‘ Hemolysis has been shown to be consistently 
present in traumatic shock.” "In slow hemorrhage, the findings more 
nearly resemble those of traumatic shock. ’ ’ 

Other authors also try to differentiate shock from hemorrhage. Thus, 
Mahaffey (1938) listed symptoms diagnostic of hemorrhage — restlessness, 
anxiety, thirst, and nausea — which are generally recognized as applying 
equally well to shock. He further stated : 

“In hemorrhage, we have a loss of whole blood together with a 
diminution of the red cell count. In traumatic shock, we have a loss of 
blood plasma into the injured tissues with a concentration of red blood 
cells in the circulation. ’ ’ 

Hendon (1938) also attempted to differentiate the two, stating: “We 
do things for shock that we would not do for hemorrhage. ’ ’ He recog- 
nized, however, that the two conditions often occur simultaneously. 
Archibald (1934) also stated in a purely clinical article : “Hemorrhage 
has nothing to do with pure traumatic shock.” This seems to be a rather 
extreme statement. Furthermore, the remark of Moon that trauma-to- 
liinb experiments are really nothing but instances of hemorrhage is con- 
troverted by the fact that Blalock found the hemoglobin content of the 
fluid expressed from the limb to be only 30 per cent of that obtained 
from the control. AYoodhousc (1940) claimed that bleeding following 
ruptured ectopic pregnancy is often associated with a slight fever (2 to 
2-5°) , while shock is not accompanied by fever. This may apply in some 
cases to hemorrhage into the peritoneal cavity, but certainly not to 
external bleeding and only occasionally to bleeding into the tissues. An 
increase in the blood lactic acid after hemorrhage is reported by Kiegel 
(1927). Foote and Gerst (1940) have applied the use of combined 
.specific gravity readings by the falling drop method on whole blood and 
plasma in the treatment and differentiation of shock and hemorrhage. 
Leucoeytosis in shock and hemorrhage was made file subject of a 
recent editorial (1940). 
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Probably the best contradiction of the ideas of Coonse and associates 
(193 d ) and Moon (1938) that shock and hemorrhage have little in com- 
mon and that in the latter there is no general escape of fluids from the 
blood stream is that of Blalock. This author (1934) pointed out that 
such a general loss takes place when the blood pressure remains at a 
low level for several hours. “One rarely encounters in patients, as a 
lcsult of hemorrhage, a low blood pressure for an extended time. "When 
hemorrhage from a large blood-vessel takes place, usually either the 
patient dies almost immediately or the remaining volume of blood is 
augmented by natural or artificial means and the blood-pressure rises.” 
Freeman (1935) also disagreed with Moon and Kennedy’s (1932) dif- 
ferentiation of shock from hemorrhage and pointed out again that they 
did not adequately consider the time factor in hemorrhage experi- 
ments. 
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CHART DEMONSTRATING SIX POSSIBLE RESULTS IN SHOCK CASES AND THE FALLACY OF USINO HEMOCQNCENTRATION 
AS THE ONLY GUIDE TO TREATMENT 


Fitr. 1. — Hemoconcentration and shock. This figure demonstrates the variability of the 
- 1 b relation between the two. 


In experiments on shock produced in two ways, (1) repeated trauma 
to both liindlimbs and (2) repeated hemorrhage, Davis (1937) attempted 
to show if shock produced by trauma was similar to that produced by 
hemorrhage as evidenced by the histopathologic changes. The results 
'ndieated no essential difference. In both instances there was a variable 
amount of blood-stained, plasmalike peritoneal fluid, the intestines were 
elaxed and flabby, and constriction of the arteries was present. No 
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evidences of splanchnic congestion were found. The lungs were edema- 
tous to a degree, depending on the duration of the shock state, and the 
heart was diminished in size proportional to the decrease in blood volume 
at the time of death. Davis concluded: “It may be stated that the 
histopathologic appearance is the same both in traumatic and hemor- 
rhagic shock, which suggests that the basic etiology is similar.” 

It would seem that from the practical standpoint alone, a differentia- 
tion between hemorrhagic and other types of shock is disadvantageous. 
In clinical cases usually both whole blood and plasma are lost. A patient 
suffering from shock, who has lost a little whole blood in addition, is just 
as deserving of shock treatment as a simpler case. After all, it matters 
little what color fluid is lost from the blood stream, red or yellow. The 
numerous possible combinations of blood concentration after complicated 
injuries are shown in Fig. 1. 


m. ACCOMPANYING FACTORS IN SHOCK 
A number of changes occur in shock that are common to most types. 
Many of these may be initiating or perpetuating factors as well, but at 
least their presence is common and they are present through most of the 
course of shock. Hence, they will be considered at this point. Reference 
should be made to Table VI. If the causal relation is to be emphasized, 


Table VI 

Historical Development of Evidence for Certain Features of Shock* 


1. Oligemia 

Short, 1913 
Mann, 1915 

Robertson and Bock, 391S 
Keith, 1919 

Gasser, Erlunger, and Meek, 1919 
Gesell, 1919 
Phemister, 1930 
Blalock, 1930 

Freedlandcr and Lenhart, 1932 
Holt and Macdonald, 1934 
O 'Shauglmessy and Slome, 1935 

3. Vasoconstriction 
Lister, 1S5S 
Mapother, 1879 
Malcolm, 3S93 
Sheen, 1900 

Gray and Parsons, 1912 
Short, 1913 

Pilcher and Sollmann, 1911 
Freeman, 1935 


2. Decreased cardiac output 
Boise, 1907 
Henderson, 1908 

Markwalder and Starling, 1913- 
1914 

Wiggers, 191S 
Blalock, 1931 


4. Vasomotor center intact 


Porter, 1907-1908 
Seelig and Lyon, 1910 
Mann, 1914 
Wiggers, 1914 

Pilcher and Sollmann, 1914 
Cattell, 1922 


5. Dt coaxed blood flow 

Mori.son and Hooker, 1915 
Gesell, 10 i 7- 101 S 
Erlanger and Gasser, 1919 
Aul) and Cunningham, 1920 
Freeman, 1933 
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these factors might be called 
panying factors.” 


“sustaining factors” as well as “aceom- 


1. Oligemia. This is undoubtedly one of the most important changes 
occurring m shock. Erlanger, Gesell, and Gasser (1919) had early 
demonstrated an increase in the peripheral vascular tone in experimental 
shock. Gesell (1919) found that a decrease in blood volume of less 
t rnn 10 pei cent piodueed by hemorrhage may cause a decreased blood 
How through the submaxillary gland of more than 60 per cent even 
though accompanied by a rise in general arterial blood pressure. Koome, 
Keith, and Phemister (1933) noted a low “bleeding volume” in hemor- 
rhagic and traumatic shock and a near normal one in histamine shock. 
Usmg the carbon monoxide method, Aikawa (1935) found the decrease 
in blood volume accompanying surgical operations on dogs to average 
IS pei cent with many values showing more than 30 per cent decrease. 
Since many of these operations were minor, the decrease in shock-pro- 
ducing procedures should average considerably more. Derra (1937) 
showed a reduction in blood volume accompanying anesthesia. 

Derra (1936) used a combination of the carbon monoxide and dye 
methods in studying blood volume changes in dogs under avertin anes- 
thesia and observed both increases and decreases, the range being from 
plus 45 per cent to minus 2S per cent of the preoperative values. He 
observed that during laparotomies the plasma volume tended to fall and 
the cell volume to rise with decrease in the total volume. More recently 
Gibson and Branch (1937), of Boston, did blood volume studies on 
twelve surgical patients by the Evans blue dye method. They found 
that the total volume is reduced at the end of the operation, the reduc- 
tion being due to a diminution of plasma volume larger than can be off- 
set by influx of red cells into the circulation. None of their patients were 
in a condition of shock, the blood pressure being well maintained 
throughout, and apparently no great external loss of blood occurred. 
Neuwelt (1939) found the vital red dye method for determining blood 
volume accurate for normal dogs but inaccurate in dogs in shock. He 
also found that splenectomy produces a decrease in circulating blood 
volume and that such animals develop shock more easily than normal 
dogs. 

The new studies of Gibson and Evans (1937), Gibson and Branch 
(1937), Gibson, Keeley, and Pijoan (193S), Gibson and Evelyn (1938), 
Gregersen, McAllister, Pinkston, and their associates (1935-1938), and 
Gregersen and Stewart (1939) on blood volume by means of the use of 
the Evans blue dye (T-1S24) have opened up a new field. This method, 
usi n n- either a spectrophotometer or photoelectric colorimeter, has made 
the determination of blood volume much more accurate than any pre- 
dous method. This new procedure has once again confirmed the observa- 
tion that oligemia accompanies shock. 
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2. Diminished Blood Flow .— It is a common observation in both pa- 
tients and experimental animals with shock that the peripheral blood 
flow is decreased. Thus, there is great difficulty in obtaining (or ad- 
ministering, because of difficulty in doing a venipuncture) blood from 
superficial veins or from ear or finger punctures in severe shock. More 
quantitative evidence of this decrease in peripheral blood flow was ob- 
tained by Freeman, Shaw, and Snyder (1936), who found that the blood 
flow through the hand is markedly reduced in shock patients. 

The importance of reduction of blood flow was early recognized by 
Clesell and Moyle (1922), who found a decrease in the volume flow of 
blood through the striated muscle of dogs after hemorrhage. In a series 
of hemorrhages in the same animal, the late ones invariably produced 
the greatest reduction in blood flow. Injections of giun saline solution 
produced an increase in volume flow out of proportion to the increase in 
blood volume. In a later paper (1922) these authors reported a de- 
creased response to electrical stimuli associated with the decreased vol- 
ume flow in muscles. They discussed the relation of this change to 
nutrition of the tissues and in turn the role played by these factors in 
shock. 

More recent observations on this point include those of Meek (1936), 
Freeman, Shaffer, Sehecter, and Holding (193S), Roome (1938, 1939), 
and others. Klemperer, Penner, and Bernheim (1940) believe that 
the intestinal lesions present in shock are due to spasm of the vessels. 
Further studies on the general subject of blood flow through the dog’s 
paw were made by Freeman and Zeller (1937). Gammer and Griffith 
(1939) showed that the intra-arterial injection of adrenalin reduces the 
blood flow and 0 2 consumption of the intact hindlimb of the eat. The 
recent observations of Roome (193S) on the effect of intra-arterial 
epinephrine on the blood flow in an extremity are of great fundamental 
importance. This author, using his own photoelectric modification of 
the Ludwig Stromuhr, injected small doses of epinephrine into the 
femoral artery of dogs. The typical response seemed to be a dilata- 
tion of the capillaries and a constriction of the arterioles and arteries 
in the muscles. Roome (1939) found a marked diminution in the 
peripheral blood flow to occur in dogs with only moderate hemorrhage. 
He concluded that this lent “support to the ischemic theory of shock.” 

Blalock and Levy (1937) studied the blood flow through the poste- 
rior part of the body, the kidneys, the portal system, and the anterior 
extremities and head before and after (a) hemorrhage, (b) intestinal 
trauma, and (c) histamine administration. Hemorrhage and intestinal 
trauma were accompanied by a greater diminution in the flow of blood 
through the posterior part of the body and a smaller decrease else- 
where. Histamine, on the other hand, was usually associated with a 
general reduction in the flow of blood throughout the body. This once 
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; iffl r ,h r 1C 1 ° I,W,0U tllat histami «e and traumatic shock are 
teient It is to be remembered that Johnson and Blalock (1931) 

1 owed that in hemorrhagic and traumatic shock the cardiac output 
c edmes first; whereas, in histamine shock the blood pressure falls first. 

- of these writers obtained confirmatory results and it seems to 
be without question that a decrease in blood flow is one of the prime 
factors m shock. So important and progressive is it that one might 
a in os saj t lat to diagnose shock a lancet to cut the ear or finger and 
determine the blood flow would prove almost as useful as all the 
sphygmomanometers ever made. If one were to select a single de- 
tei initiation to follow the course of shock, an observation of the periph- 
eral blood flow might be the best to choose. 


3. Inadequacy of Fall in Blood Pressure in the Diagnosis of Shoek- 
It has already been mentioned that in secondary shock a fall in blood 
piessiue is often a terminal phenomenon occurring long after marked 
hemoeoncentration and decreased blood flow have become evident. We 
have indeed come a long way from the belief implied in the statement of 
Rowell speaking before the annual meeting of the British Medical As- 
sociation in 1910 that: “A falling blood pressure is the first sign of 
the onset of shock.” A more modern opinion is that expressed by 
Blalock (1927) : “The blood pressure is an inadequate guide to the 
state of the circulation in incipient shock.” 


Older observers had noted that there were marked changes in the 
circulation before a shock level of blood pressure was approached. Gesell 
(1919) showed a slowing of blood flow through the salivary gland before 
a fall in pressure occurred. Henderson (1909), in working on shock 
produced by intestinal trauma in dogs, found a markedly decreased oxy- 
gen content of venous blood. In severe anemia the oxygen content of 
venous blood may be as low as in shock, but that of arterial blood is 
likewise reduced as shown by Aub (1920). The conclusions of this 
latter author are worth listing : 


1. There is a markedly diminished oxygen content of the venous blood 
in experimental traumatic shock. This change occurs before the blood 
pressure falls to a shock level and is still present after apparent recovery 
from shock. 

2. The blood flow is also greatly decreased in the development of, 
during, and after shock. 

3. The resulting anoxemia of the tissues may be the cause of the de- 
creased metabolism. 

4. Acapnia . — The idea that the acapnia which accompanies shock 
mi«fit be a causative factor was introduced by Henderson (190S). This 
was partly based on experiments on the production of shock by over- 

breathing' alone. Janeway and Ewing (1914) showed that, while 
artificial respiration when rapidly given leads to acapnia and shock, 
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Associated with or related to tiie acapnia is often an acidosis. Hertz- 
man and Gcsell (1926) showed that following hemorrhage there is an 
increased acidity of the venous blood. Because of this acidosis, Cannon 
(191S), Coonse and eo-workers (.1935), and others advised intravenous 
sodium bicarbonate in shock cases. It now seems that acidosis is not a 
causative factor in shock and there is no basis for treating it at present. 
The underlying anoxia is probably much more important. 

5. Decreased Muscle Tonus . — The possibility that muscle tonus may 
be of importance in helping the venous return of blood to the heart, 
and hence in maintaining an adequate cardiac output, has been dis- 
cussed by Henderson (1931, 193S, 1939), Henderson, Oughterson, 
Greenberg, and Searle (1934, 1936) and Beigelbock and Steinlechner 
(1938). Ornstein, Lieht, and Herman (1939) have suggested that, if 
low muscle tonus is a factor in shock, faradie stimulation of muscles 
might be of help. They found that such stimulation increases the 
muscle tonus and at the same time raises the venous pressure. 

6. Decrease in Venous Pressure . — Certain older writers, including 
Crile (1899), Sheen (1906), and Penfield (1919), reported an elevated 
venous pressure in shock. Possibly because certain of their readings 
were made in the portal system these results are not in agreement with 
modern studies which show almost unanimously that the general 
venous pressure is decreased in shock. They include the observations 
of Morison and Hooker (1915), Wiggers (191S), Henderson (1931), 
and Ornstein, Liclit, and Herman (1939). Wiggers (191S) stated in 
this regard: “The decreased venous pressure and consequent reduc- 
tion in minute output is the predominate factor in the pronounced 
fall of arterial pressure during the progressive stage of shock. ’ ’ His 
next statement in the same article would not bear up so well under 
modern scrutiny, however, if the work of Freeman (1933), is to 
be considered, for Wiggers attributed the initiating factor to be a 
"reduction in peripheral arterial resistance.” 

Other important accompanying factors in shock are merely listed 
here because they are discussed elsewhere in this paper. In many 
eases these are of just as much or more importance as those more 
fully discussed above, and the discrimination is in other ways entirely 


arbitrary- . . . 

7 Jlemoconcentration (see Initiating Factors). 

8 Decreased Cardiac Output (see Initiating Factors). 

g Vasoconstriction (see Adrenal Medulla). 

10 Decreased Metabolism (see Anoxia). 

11 Capillary Congestion (see Histamine). 

.' ellaneous Experimental Studies— Many of these, having impor- 
•“ lS , C . ... the shock problem as a whole, are presented here, 

tant d => separate headings as are other studies. The funda- 
rather than u v ; n( ]i e of Milwaukee (1936), on the perivascular 
mental work or 
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seep valves and their relation to the exchange of body fluids has an 
important bearing on this aspect of the shock problem. The work done 
in Krogh and Rehberg’s laboratory by Asmussen, Christensen, and 
Nielson (1939) on the relation of posture to circulation has an affiliation 
to the shock problem. Other interesting studies include those of 
Fahraeus (1931), who showed .that below a critical point of about 
0.3 mm. for the diameter of a tube blood does not obey the law of 
Poiseuille, but actually has less viscosity than would be so if it were 
a homogeneous liquid. These studies have an applicability to the flow 
of blood in arterioles in shock. 

The studies of Adolph, Gerbasi, and Lepore (1933, 1934) on fluid 
redistribution after hemorrhage and transfusion are of interest. They 
found that the dilution of the plasma following hemorrhage, and pre- 
sumably due to influx of tissue fluids, requires about twenty-two min- 
utes for its approximate completion. Following transfusions and other 
infusions, the redistribution of fluid was also quite rapid. Davis and 
Jermstad (1939) performed experiments to study the regional redis- 
tribution of blood in experimental secondary shock. Anesthetized 
animals were placed on a platform and the relative weights of the head, 
thoracic, splanchnic, and hindlimb regions determined serially. There 
was a similarity in the regional redistribution of blood after hemor- 
rhage and that after trauma. A shift from the splanchnic area oc- 
curred with early increase in the blood in the thoracic area followed 
by a decrease. A late increase in the blood in the extremity areas 
occurred. The authors concluded from this experiment, which is 
rather elaborate and technically difficult to interpret, that “direct ex- 
perimental evidence is offered against the occurrence of a splanchnic 
‘pooling’ of blood in traumatic and hemorrhagic shock.” 

Davis (1937) performed another interesting series of experiments 
to test the theory of “splanchnic pooling” of blood in shock. These 
experiments attempted to determine quantitatively the regional redis- 
tribution of blood in the intact animal in a state of shock. By the use 
of a specially designed apparatus, the head, thoracic, abdominal, and 
peripheral (hindlimb) areas of nembutalized dogs were weighed before 
and during the production of secondary shock. It was found that 
trauma is associated with a loss of bloody fluid into the traumatized 
area. Simultaneously blood is lost from the cephalic, splanchnic, and 
thoracic regions, except in very long experiments where a secondary 
increase in weight of the thoracic area takes place as a result of edema 
of tile lungs. In hemorrhagic shock the greatest loss is from the 
splanchnic area and to a lesser extent from the thoracic and cephalic 
regions. In histamine shock blood is shifted into the thoracic and ab- 
dominal areas. These findings do not provide any evidence for 
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splanchnic pooling in traumatic or hemorrhagic shock but furnish 
differentiation of histamine shock from shock of traumatic or hemor- 
rhagic origin. 

The experiments of Domenech-Alsina and his associates of Bar- 
celona (1933) are of great interest. These experiments revealed that 
shock could be produced by irrigating the peritoneal cavity with hy- 
pertonic solutions. The following irrigations were performed: 

1. Hypertonic saline solution (40:1,00 0) gave a progressive blood 
pressure fall, with a decrease in the carbon dioxide reserve and an 
increase in the hemoglobin and chlorides in the blood. Sometimes 
the blood pressure fell suddenly at the end of the experiment after 
being relatively well maintained hitherto. 

2. Isotonic saline solution (7 :1,000) gave no blood pressure change 
or slight fall, no change in hemoglobin or chlorides, decrease in carbon 
dioxide reserve. 

3. Hypotonic saline solution (3:1,000) gave no change in blood pres- 
sure or carbon dioxide reserve, slight increase in hemoglobin, decrease 
in chlorides and glucose. 

In these experiments it was found that adrenalectomized dogs diec 
more quickly than the control animals. Experiments somewhat similar 
to those of Domenech-Alsina were performed by Curtis and by Davis, 
Ilanke, and Curtis (1930). These authors perfused the peritoneal 
cavity of rabbits with distilled water and produced a marked hypo- 
chloremia. The experiments of Curtis and Huggins (1928) indicate 
that even normal saline solution will irritate the peritoneum of rabbits. 


IV. IRREVERSIBILITY OF THE SHOCK SYNDROME 

One of the most interesting features of shock is that after it has 
existed a certain time measures that would have led to recovery m 
the early stages are of no avail. This irreversibility exists in shock 
due to trauma, burns, and other injuries. The experiments of Pilcher 
and Solhnann (1914) indicate that shock from hemorrhage is also ir- 
reversible. These authors found that as dogs are bled, if the blooi 
is reinjected during an early stage of the process, recovery is pos- 
sible but later blood pressure “can only be brought back to GO mm., 
no matter how much fluid is injected.” Blalock (1934) came to similar 

conclusions with regard to hemorrhage. 

Cannon (1919) gave a discussion of the vicious circles in shock. 

(1938) is another who recognized the irreversibility of the 
Fantus ^ j rome> ‘While shock is undoubtedly irreversible in its later 
shoe v syn ^ ^ |nuc [, s0 as inferred by O’Shauglmessy and Slome’s 
stages, i ( 1935 ) as follows: “It has been our experience that the 
statement ^ trauma who does not show some signs of recovery' 

subject o se\ nl0( ] es of treatment within two or three hours of his 
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exception to this rule. This may, however, merely he another bit of evi- 
dence for the fallibility of blood pressure readings in shock prognosis. 

As to the cause of the irreversibility in shock, search must be made 
for some perpetuating factor or factors. It is certain that in the late 
stages of shock there is a generalized increase in capillary permeability. 
Cell, Clark, and Cuthbertson (1938) believed that a generalized fluid 
loss plays some role in traumatic shock. This generalized fluid loss 
may result from or be associated with one or more of the following 
factors. It is to be remembered in each case, however, that these may 
not be causative agents, but merely evidences of general cell injury. 
Even the increased capillary permeability may not be a causative but 
merely am associated change. 

POSSIBLE PERPETUATING FACTORS IN SHOCK 

1. Anoxia 

2. Hyperpotassemia 

3. Adrenal medullary overaction 

4. Adrenal cortical insufficiency 

5. Histamine or other tissue metabolites 

6. Nervous factors 

1. Anoxia.— The importance of anoxia in shock has been recognized 
for some time and Cannon in his book (1923) devotes considerable atten- 
tion to it. That its importance continued to be recognized considerably 
more recently is evidenced by a quotation from the next book on shock 
(Moon’s) appearing in 193S: “Anoxia probably is the most important 
factor tending to increase or perpetuate the circulatory deficiency.” 
Krogh, as early as 1922, recognized the vicious circle in shock and the 
possible role of anoxia in it, stating: 

“A very essential feature in the aetiology of shock is the vicious 
circle, which is set up by the poisoning of the capillaries. When the 
circulation begins to fail the blood supply to the tissues suffers and 
this in turn leads, by reason of oxygen lack or by reason of the di- 
minished supply of tonic hormone, to still further dilatation. At more 
advanced stages the permeability of the capillary wall is so far in- 
creased that loss of plasma occurs, thus aggravating once more the 
tailure of the circulation.” 

One could go even further hack to find references to anoxia. Moon 
(Kids') states that John Hunter advised oxygen in the treatment of 
shock. Professor Leonard Itill of London (1910), who believed shock 
was caused by “a paralysis of the synapses by a widespread injury 
which caused a detective transmission at these points.” was an early 
advocate of the administration of oxygen to shock cases. The object 
was to “maintain the circulation which would allow the synapses to 
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splanchnic pooling in traumatic or hemorrhagic shock but furnish 
differentiation of histamine shock from shock of traumatic or hemor- 
rhagic origin. 

The experiments of Domeneeh-Alsina and his associates of Bar- 
celona (1933) are of great interest: These experiments revealed that 
shock could be produced by irrigating the peritoneal cavity with hy- 
pertonic solutions. The following irrigations were performed: 

1. Hypertonic saline solution (40:1,000) gave a progressive blood 
pressure fall, with a decrease in the carbon dioxide reserve and an 
increase in the hemoglobin and chlorides in the blood. Sometimes 
the blood pressure fell suddenly at the end of the experiment after 
being relatively -well maintained hitherto. 

2. Isotonic saline solution (7:1,000) gave no blood pressure change 
or slight fall, no change in hemoglobin or chlorides, decrease in carbon 
dioxide reserve. 

3. Hypotonic saline solution (3 :1,000) gave no change in blood pres- 
sure or carbon dioxide reserve, slight increase in hemoglobin, decrease 
in chlorides and glucose. 

In these experiments it was found that adrenaleetomized dogs died 
more quickly than the control animals. Experiments somewhat similar 
to those of Domeneeh-Alsina were performed by Curtis and by Davis, 
I-Ianke, and Curtis (1930). These authors perfused the peritoneal 
cavity of rabbits with distilled water and produced a marked hypo- 
chloremia. The experiments of Curtis and Huggins (1928) indicate 
that even normal saline solution will irritate the peritoneum of rabbits. 


IV. IRREVERSIBILITY OF THE SHOCK SYNDROME 

One of the most interesting features of shock is that after it has 
existed a certain time measures that would have led to recovery m 
the early stages are of no avail. This irreversibility exists in shock 
due to trauma, burns, and other injuries. The experiments of Pilcher 
and Sollmann (1914) indicate that shock from hemorrhage is also ir- 
reversible. These authors found that as dogs are bled, if the blood 
is reinjected during an early stage of the process, recovery is pos- 
sible but later blood pressure “can only be brought back to GO mm., 
no matter how much fluid is injected.’’ Blalock (1934) came to similar 
conclusions with regard to hemorrhage. 

Cannon (1919) gave a discussion of the vicious circles in shock. 
Fantus (1938) is another who recognized the irreversibility of the 
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The work of Courville (1936) on the anoxic changes in the brain 
following nitrous oxide anesthesia led to renewed interest in the im- 
portanee of anesthesia in shock. The following quotation from 
Courville ’s article is of interest : 

“Asa rule these patients developed respiratory or cardiorespiratory 
failure while under nitrous oxide-oxygen anesthesia and failed to re- 
gain consciousness when the anesthetic was withdrawn. During the 
survival period the patients remained in coma, frequently had con- 
vulsions and most of them died in a state of hyperthermia after an 
interval of li/ 2 to 26 days. A few individuals recovered, some with 
a residual lenticular syndrome, others with a permanent psychosis, 
while some fortunately recovered completely. In the fatal cases the 
cerebral cortex and the lenticular nuclei presented areas of necrosis 
which at times became confluent and if the survival period was suf- 
ficiently long, resulted in astrovascular scars.” 

McClure, Hartman and their associates (1939) extended these stud- 
ies to cover the effects of most of the present-day anesthetics and the 
various premedications used with them. These authors also did 
numerous blood oxygen tests on human beings under anesthesia and 
on experimental animals. They found that evipal and other barbitu- 
rates in full doses were especially culpable, and that in large doses 
morphine was as well. This latter point is of especial interest to the 
whole shock problem, since morphine is so widely used as a means of 
shock treatment. This use, largely empirical, is chiefly a result of the 
imputations of the older nervous therapy of shock. Possibly quanti- 
tative experimental studies may prove this empiricism in error. 

Davis (1937) decided to make metabolic determinations by means 
of a Ivrogh respiratory apparatus to follow the rate of oxygen con- 
sumption in secondary shock. In normal dogs it was found that the 
intravenous injection of normal salt solution increased the rate of 
oxygen consumption by 25 to 50 per cent. The maximal increase fol- 
lowed the introduction of 1,400 to 2,400 c.c., and with more solution 
a plateau in the curve is maintained. The tolerance for water was 
found to bo great in normal animals, and up to 25 per cent body weight 
of normal saline solution could be given without deleterious effects. 
Davis found that in traumatic and hemorrhagic shock, on the other 
hand, a peculiar alteration of the metabolic response to fluids occurs. 
1 he maximal increase in the rate of oxygen usage is reached at an 
earlier stage of the fluid injection; i.e., after 700 to 1,200 c.c. of the 
fluid have been given. Further administration results in a progressive 
decline in the rate of oxygen consumption, only 5 to 12 per cent body 
weight of fluid producing a fall in the metabolic rate. Along with 
these metabolic changes in secondary shock, there is a marked altera- 
tion in renal function, the water diuresis being minimal even after 
large infusions. 
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recover.” Bayliss (1918) realized the importance of anoxia in shock, 
stating : At the risk of tiresome iteration, I would again enqohasize 
the importance of adequate oxygen supply to the tissues.” 

Landis (1928) studied the effects upon capillary permeability of 
oxygen lack, of high tensions of carbon dioxide, and of increased 
hydrogen-ion concentration as observed in single capillaries of the frog- 
mesentery. Direct measurements of fluid movement in cubic miera per 
square micron of capillary wall per second was correlated with the 
cajoillary pressure. After a three-minute period of oxygen lack, 
fluid filtered through the capillary wall at approximately four times 
the control rate. The increased permeability of the wall permitted 
also the passage of protein and thus reduced the effective osmotic 
pressure of the plasma proteins to almost one-half their normal value. 

This fluid movement through the asphyxiated capillary wall was 
directly proportional to the difference between capillary pressure and 
the effective osmotic pressure of the plasma proteins, indicating that 
the wall, although more permeable than normal, s till acted as a passive 
filter. When normal circulation was restored, the capillary wall soon 
recovered its impermeability to protein and the rate of fluid trans- 
udation was also reduced almost to normal. 

The effect of carbon dioxide was only slight, even complete satura- 
tion of the perfusing fluid increasing transudation only slightly, and 
the wall remained normally impermeable to protein. Increase in hy- 
drogen ion concentration within normal limits had little or no effect, 
though at pH 4 the characteristic effects of injury appeared. 

The whole question of anoxia has been further developed by the im- 
portant work of McClure, Hartman, and their associates (1935-1939). 
These authors first investigated the effects of artificial fever therapy. 
The pathologic changes resulting from this treatment in both human 
cases and experimental animals were engorgement of the blood vessels, 
especially the capillaries, and hemorrhage and cellular degeneration. 
The most marked changes occurred in the brain, lungs, and adrenals, 
with hemorrhagic encephalitis, hemorrhagic pneumonia, and hemor- 
rhage degeneration of the cortex respectively. Death occurred from 
vascular collapse. Chemical analysis revealed that these changes were 
closely related to the development of anoxia. The combination of 
depressing action of sedatives, such ns sodium amytal, usually given 
t 6 f ver therapy cases, with the increased demands for oxygen due to 
C . cm metabolism associated with the hyperpyrexia, exag- 
t d any other factors decreasing the oxygen supply. 

L ^tholomc changes were similar to those of anoxia produced 
liic P r ° ft iey could he prevented by the administration of 
in other wa. tbc fevcr treatment, provided respiration and 
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Freeman, Shaw, and Snyder (1936) found that not only was the 
blood flow through the hand in clinical eases of shock markedly re- 
duced, but also that the low oxygen saturation of the venous blood 
indicated the severity of the tissue asphyxia. Tomb (1937), on the 
basis of Freeman’s previous work, advised ergotoxine to relax the 
sympathetic nervous system plus oxygen inhalations in the treatment 
of shock. He stated: “All the symptoms of shock are directly 
referable [sic] to over stimulation of the sympathetic nervous system, 
and to consequent asphyxiation of the cells of the body through want 
of oxygen.” 

In experiments on dogs Wood, Mason, and Blalock (1940) studied 
the effects of inhalation of a high concentration of oxygen in shock. 
Shock was produced in three ways (hemorrhage, histamine, and 
trauma) and blood oxygen utilization studies were made by studying 
the oxygen content of the femoral, renal, and portal veins and of the 
venous blood from the whole body in the right heart. The inhalation 
of oxygen under these conditions resulted in a considerable increase 
in the amount of oxygen available to the tissues, as evidenced by a rise 
in arterial oxygen content and increases in the venous oxygen content 
of blood from the various sources listed above. This availability was 
possibly further enhanced by concomitant increases in carbon dioxide 
tension in consequence of the so-called Bohr effect (raised carbon di- 
oxide tension increases the percentage of oxyhemoglobin dissociated 
at a given oxygen tension). Wood, Mason, and Blalock concluded that 
their results indicated that inhalations of high concentrations of oxy- 
gen exert a beneficial effect in the treatment of peripheral circulatory 
failure. 


Another direction in which oxygen therapy has been advanced is the 
use of high concentrations (80 to 90 per cent) of oxygen, as with the 
Ij.Ij.B. mask. This relieves the tissue anoxia present in so many cases. 
It is to be remembered that in many cases of shock accessory injuries 
impede oxygen intake as well as oxygen transport in the blood. Davis 
(1940), in a study of fifty necropsies following shock, emphasized the 
importance of anoxemia of the central nervous system. Vavangot 
(1940) stated: “Lc blesse choque meurt d’unoxemie.” 


1 a mien berg (1939) has recently studied the pathologic effects of 
anoxic and insulin shock in rabbits, lfe found the effects of the two 
finite similar with definite cerebral changes somewhat reminiscent of 


( riles “exhaustion” effects and changes in the cardiac muscle and 
liver. In the latter organ hydropic changes of hepatic cells were ob- 
served with occasionally definite focal necroses. The similarity of 
these changes to those occurring in burns is to be noted. Iveeley, 
tiibson, and ffijoan (1939) found that in experimental burn shock the 


oxjgcn saturation of venous blood was reduced in all animals. The 
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Davis called this diminution of oxygen usage after fluid administra- 
tion in secondary shock the “auoxemie response” and believed it may 
be due to one of three factors: (1) insufficiency of oxygen available 
in lungs; (2) decrease of oxygen-carrying capacity of the blood 
stream; and (3) interference with oxygen utilization by the tissues. 

He ruled out the third factor by showing that in normal animals 
excess fluid administration even to the point of edema caused no de- 
crease in oxygen consumption. Furthermore, the pulmonary edema 
did not seem to be the cause of the anoxemia, although Davis did not 
give detailed data in this regard. He concluded in favor of the second 
factor, saying: “It is suggested, therefore, that the augmentation 
of the anoxemia of shock by fluids is the result of loss of protein and 
cells into the traumatized area, the peritoneal cavity and to a lesser 
extent into the alveoli of the lungs and general tissue spaces.” It is 
difficult to follow the reasoning here as the plasma protein, which is 
washed out, is of relatively slight importance as a carrier of oxygen 
in comparison with the hemoglobin. 

Other workers have emphasized anoxia. Thus, Andrews (1935) 
pointed out the danger of anoxemia during surgical operations and 
attributed some cases of shock to it. Meek (1936) also realized the 
importance of anoxia in shock, stating that shock is followed by a set 
of pathologic-physiologic reactions and “the most important of these 
are the production of tissue anoxemia and increased capillary per- 
meability.” 

It might be mentioned parenthetical]}" at this point that use of the 
term “auoxia,” as adopted by Hartman, is preferable to “anoxemia” 
except in cases where one is referring specifically to blood. 

Anoxia in shock was studied by Mertens (1938) and Schwarz and 
Malikiosis (1938) in Germany. The observations of Rabat and Dennis 


(1938, 1939) and Dennis and Rabat (1939) on cerebral anemia indicate 
the importance of anoxia, but the animals did not develop a shock- 
like condition. This indicates that anoxia of the brain alone may not 


be a prime factor in producing irreversible shock. The importance 
of anoxia might be further exemplified by a quotation from Moon 
fl93S) : “So far as the actual mechanism is concerned, many phe- 
nomena called toxic are essentially anoxic.” C'rile’s findings of de- 
generative changes in the central nervous system accompanying 
Qck are explained on an anoxic basis by Moon (1938): “It is 
^ 1 1 le that the changes described are due to anoxemia and are the 

l1L ° It rather than, as Chile supposed, the cause of shock.” ( Possibly 
l ' eSU \ ■ n 0 f cause and result might be turned about towards some 

this coil i i ifoon ],j lnse if.) Sheehan (1940) reported a series 

of the tie • s]l0ck w j t ], subendocardial hemorrhages as a frequent 
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finding. H e 1,1,1 


terminal anoxia. 



RECENT ADVANCES IN SURGERY 


273 


at death was 29.8 mg. per cent. These authors concluded, therefore, 
that the human cardiac muscle is more susceptible to potassium than 
that of certain other animals. This conclusion is true, of course, only if 
the hyperpotassemia was the cause of death, but the authors do not 
state that. 

More recently, Scudder, Corcoran, and Drew (1940) have extended 
the observations on the increase in serum potassium to cadaver blood. 
In twenty-seven eases the average concentration of the serum potas- 
sium was 101 mg. per cent. This high value is approximately 3.5 
times the concentration found at death and nearly 6 times normal 
values. Experiments indicated that ammonia production might be re- 
sponsible for this rapid diffusion of potassium from the cells into 
the serum. Furthermore, it was believed that the diffusion was ac- 
celerated by the fact that the cadavers were not placed immediately in 
a refrigerator. The writer spent two days in Youdine’s laboratory 
and learned the type of case that Youdine used for obtaining cadaver 
blood. Only one of Scudder and his co-workers’ twenty-seven cases 
would strictly come under this head; namely, a case of multiple frac- 
tures of the skull with a serum potassium of 72. Since this reading 
is elevated, although not as markedly as the average of the others, Scud- 
der’s point is not much weakened. Drew, Edsall, and Scudder (1939) 
have recently reported that, while there is little loss of red cells over 
a period of thirty days in heparinized blood, the plasma potassium con- 
tent increases tenfold. 

De Gowin, Harris, and Plass (1940) found that during blood storage, 
the potassium of the erythrocytes diffused into the plasma where it at- 
tained a maximum concentration in two weeks. Transfusion into 
human beings of blood with maximum plasma potassium was accom- 
panied by no clinical, chemical, or electrocardiographic evidence of 
toxicity. It is to be remembered, however, before applying this dictum 
too literally that there is enough potassium in 3 liters of blood to cause 
death. Therefore, avoid transfusion of preserved blood in large 
amounts. 

Zwcmer and Scudder (1937) produced shock in cats by extensive 
crushing of tissue, intestinal manipulation, acute pancreatitis, in- 
testinal obstruction, and hemorrhage. These animals developed blood 
potassium levels similar to those found in animals with severe adrenal 
insufficiency or shocked by intraperitoneal injections of potassium 
salts. Kises of 50 to 100 per cent were not uncommon and high potas- 
sium levels were also found in the fluids obtained from closed body 
cavities. These authors concluded on the basis of the findings: 

‘Since the effect of excess potassium in extracellular body fluids is 
in many respects similar to that of histamine, and as injections of 
histamine are followed by increased blood potassium (Thaler), our 
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values dropped to less than 10 per cent prior to peripheral collapse in 
those animals that succumbed. Zieglev and associates (1940) have 
i ecently reported that partial anoxia in dogs, produced by breathing 
an atmosphere containing - 5 per cent oxygen, leads to a fairly marked 
decrease in plasma potassium. 

Decreased Oxygen Consumption. — Some of the early work of Aub 
(1920) and others on the decreased metabolism in shock indicated a 
decreased oxygen consumption. Gesell, Blair, and Trotter (1922) found 
the oxygen consumption in dogs immediately following hemorrhage to 
be 29 per cent below the control figure. Bearing on the question of 
anoxia are the experiments of Sehlomovitz, Ronzone, and Schlomovitz 
(1924), who studied experimentally the oxygen consumption during 
repeated slight bleeding. At first there was little change, but after 
about 1.5 to 2.5 per cent body weight was removed by bleeding, a marked 
decrease in oxygen consumption occurred. Related to the decrease in 
oxygen consumption and decreased metabolism, there is a fall in body 
temperature accompanying shock. Kinnaman (1903) stated in this re- 
gard : “As shock increases in severity, the most uniform and progressive 
factor is the fall in temperature." Other studies on the oxygen con- 
sumption include those of Schneider (193S) and Bansi (1938) in 
Germany and Davis (1936, 1937) in this country. Davis found a de- 
creased metabolism and concluded (1936) that “shock is accompanied by 
a marked fall in the rate of oxygen consumption. ' ’ It will be mentioned 
again in conclusion that the classification of anoxia as a perpetuating 
factor in shock is somewhat arbitrary. It certainly is to some extent an 
accompanying factor as well. 

2. Hyperpot assemia. — The importance of hyperpotassemia has been 
re-emphasized by the recent studies of Scudder and his associates. 
Potassium is of importance not only in the body of the victim of 
shock, but also in the blood that he may receive during treatment. 

It thus has a dual importance and deserves attention at this time. 
That potassium changes are not an important initiating factor in shock 
is indicated by the lateness of their onset. They seem to be associated 
with "eneral cell damage and may thus be either merely an accompany- 
ing or actually a perpetuating factor in shock. 

q'he observations of Scudder, Smith, and Drew (1939) on the plasma 

, - um coll tent of cardiac blood at death are of interest. These 
1 +i •« found that in pathologic states, caused by intestinal obstrnc- 
aU . ltest j ua i fistula, hemorrhage or trauma, the concentration of 
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at death was 29.8 mg. per cent. These authors concluded, therefore, 
that the human cardiac muscle is more susceptible to potassium than 
that of certain other animals. This conclusion is true, of course, only if 
the hyperpotassemia was the cause of death, but the authors do not 
state that. 

More recently, Scudder, Corcoran, and Drew (1940) have extended 
the observations on the increase in serum potassium to cadaver blood. 
In twenty-seven eases the average concentration of the serum potas- 
sium was 101 mg. per cent. This high value is approximately 3.5 
times the concentration found at death and nearly 6 times noi’mal 
values. Experiments indicated that ammonia production might be re- 
sponsible for this rapid diffusion of potassium from the cells into 
the serum. Furthermore, it was believed that the diffusion was ac- 
celerated by the fact that the cadavers were not placed immediately in 
a refrigerator. The writer spent two days in Youdine’s laboratory 
and learned the type of ease that Youdine used for obtaining cadaver 
blood. Only one of Scudder and his co-workers’ twenty-seven cases 
would strictly come under this head ; namely, a case of multiple frac- 
tures of the skull with a serum potassium of 72. Since this reading 
is elevated, although not as markedly as the average of the others, Seud- 
der’s point is not much weakened. Drew, Edsall, and Scudder (1939) 
have recently reported that, while there is little loss of red cells over 
a period of thirty days in heparinized blood, the plasma potassium con- 
tent increases tenfold. 

De Gowin, Harris, and Plass (1940) found that during blood storage, 
the potassium of the erythrocytes diffused into the plasma where it at- 
tained a maximum concentration in two weeks. Transfusion into 
human beings of blood with maximum plasma potassium was accom- 
panied by no clinical, chemical, or electrocardiographic evidence of 
toxicity. It is to be remembered, however, before applying this dictum 
too literally that there is enough potassium in 3 liters of blood to cause 
death. Therefore, avoid transfusion of presei’ved blood in large 
amounts. 

Zwemer and Scudder (1937) produced shock in cats by extensive 
crushing of tissue, intestinal manipulation, acute pancreatitis, in- 
testinal obstruction, and hemorrhage. These animals developed blood 
potassium levels similar to those found in animals with severe adrenal 
insufficiency or shocked by intraperitoneal injections of potassium 
salts. Rises of 50 to 100 per cent were not uncommon and high potas- 
sium levels were also found in the fluids obtained from closed body 
cavities, these authors concluded on the basis of the findings: 

“Since the effect of excess potassium in extracellular body fluids is 
in many respects similar to that of histamine, and as injections of 
histamine are followed by increased blood potassium (Thaler), our 
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findings are not inconsistent with those of Cannon, who holds that 
shock is due to a histamine-like substance.” 

In direct opposition to Scudder and associates (1937) with regard to 
the rise of plasma potassium following high intestinal obstruction is 
the paper of Greenwood, Haist, and Taylor (1940), of Toronto. These 
authors found that the plasma potassium fell in all of their animals 
from 1 1 to 40 per cent of the initial values during the first few days 
after operation. A post-mortem rise occurred in some cases, but was 
considered to be of little probable importance. These authors con- 
cluded that “in dogs changes in plasma potassium do not play an im- 
portant part in causing death following acute intestinal obstruction.” 

Brewer, Larson, and Sehroeder (1939) have also studied plasma 
potassium. These authors found that a single injection of 1 c.c. of 
1 :1,000 adrenalin would give a transient rise in potassium content from 



a normal of 17 to 18 mg. per cent to a level of 19 to 22 mg. per cent. 
The rise was more marked in arterial than venous blood and was fol- 
lowed by a fall to below the previous normal level. This effect was 
observed in both dogs and man. Swingle and colleagues (1938) found 
no significant change in the serum potassium accompanying fatal 
adrenalin shock in normal or adrenalectomized dogs. They even 
'said- “If ' s °h v i° us that adrenalin shock has no relation to serum 
' 'leetrolyte changes. ... In none of the experiments on either intact or 
•malectomized dogs were we able to correlate the shock symptoms 

a .‘ , collapse (from adrenalin injections) with either hemo- 

and civcuiamij 

intention or serum electrolyte changes. 
t ‘ ouc ‘ ^ Scudder (1938) found the blood potassium to he in- 
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consistent alteration of sodium, potassium, or chlorides.” These latter 
authors also found no consistent change in high intestinal obstruction. 
This is consistent with the results of Jorgensen, Dietz, and Hill (1940), 
who concluded that ‘‘hyperpotassemia cannot be considered as a con- 
tributing factor to the cause of collapse and death in experimental 
intestinal obstruction in the dog. ’ ’ 

The review of Scudder, Drew, Corcoran, and Bull (1939) of their 
studies on blood preservation includes observations later presented in 
Scudder ’s book. Important conclusions include: 

1. Potassium transfer from cells to plasma begins as soon as blood 
is withdrawn. At the end of ten days 25 per cent may have left the 
cells, and at the end of thirty days 50 per cent. The rate is influenced 
by the following factors: (a) Shaking increases the transfer, (b) 
The size of the plasma cell interface in a bottle where the cells have 
settled is of great importance. The authors suggested tubes rather 
than wide flasks, and later (1940) advised hourglass-shaped bottles. 

2. Potassium diffusion occurs independently of hemolysis. 

The observations summarized in Scudder ’s book (1940) are of es- 
pecial importance in considering the importance of hyperpotassemia in 
shock. Scudder observed twenty-eight cases of shock, twenty-six of 
which showed changes in the plasma potassium. A 100 per cent mor- 
tality occurred in those having an increase of over 100 per cent in the 
plasma potassium value. In contrast there were no deaths in the group 
showing an increase up to 25 per cent. A 71 per cent survival rate oc- 
curred in the eases with increases up to 50 per cent ; whereas, in those 
whose plasma potassium had increased between 50 and 100 per cent, 
only 38 per cent lived. Concurrent sepsis tended to make the values 
low, even when the condition was serious. 

Experimentally, Scudder found in 28 cats that hemoeoncentration 
and hyperpotassemia often occurred. That the former preceded the 
latter casts some doubt on the probability that the latter is an initiating 
factor in shock. Further discussion of Scudder ’s work is included in 
the section of the present review devoted to his book. 

Many previous workers studied potassium changes. Sunderman 
(1931) studied a series of pneumonia patients and found that the 
potassium concentration in the serum was increased in over one-half 
the patients. Atehley, Richards, and Benedict (1931) studied blood 
electrolyte changes during histamine shock in dogs. An increase in 
total serum base invariably occurred, but. in the only case where the 
potassium was determined separately, it showed no significant change. 
An excellent review of the potassium changes in shock was made by 
Kppingcr (193S), of Vienna. 

In the dogs in the series of Swingle and his co-workers (1938) the 
serum potassium did not increase in the animals subjected to intestinal 
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findings are not inconsistent with those of Cannon, who holds that 
shoek is due to a histamine-like substance. ” 

In direct opposition to Soudder and associates (1937) with regard to 
the rise of plasma potassium following high intestinal obstruction is 
tlie paper of Oreeinvood. II a is t, and Taylor (1940), of Toronto. These 
authors found that the plasma potassium fell in all of their animals 
Irani i7 to 40 per cent of the initial values during the first few days 
after operation. A post-mortem rise occurred in some cases, but was 
considered to he of little probable importance. These authors con- 
cluded that ‘‘in dogs changes in plasma potassium do not play an im- 
portant part in causing- death following acute intestinal obstruction.” 

1» rewer, Larson, and Sehroeder (1939) have also studied plasma 
potassium. These authors found that a single injection, of 1 c.c. of 
l :l,000 adrenalin would give a transient rise in potassium content from 



a normal of .17 to IS mg. per cent to a level of 19 to 22 mg. per cent. 
The rise was more marked in arterial than venous blood and was fol- 
lowed by a fall to below the previous normal level. This effect was 
observed in both dogs and man. Swingle and colleagues (193S) found 
no significant change in the serum potassium accompanying fatal 
adrenalin shock in normal or adrenaleetomized dogs. They even 
raid- “It is obvious that adrenalin shock has no relation to serum 
lectrolyte changes. ... In none of the experiments on either intact or 
lalectomized dogs were we able to correlate the shock symptoms 
iU 1 .* wow collapse (from adrenalin injections ) with either liemo- 

1UK duration 'or serum electrolyte changes.” 

eonce * Scudder (193S) found the blood potassium to be in- 
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after hemorrhage serves to protect the vital centers against the harm- 
ful effects of a dangerously low blood pressure.” This action protects 
the vital centers but causes decreased blood flow in the remainder of 
the body. This gives stasis and increased capillary permeability, and 
the resultant loss of fluid renders the shock worse. Thus, an essentially 
protective mechanism results in a vicious circle. The peripheral tissues 
are not so important qualitatively, but quantitatively their action in 
fluid loss is of importance. In the sympathectomized dog this prefer- 
ential treatment was found to be lost, and minor hemorrhages did not 
result in such a marked blood pressure fall. The sympathectomized 
dogs were not able, however, to tolerate as extensive hemorrhages as 
the normal dogs. In all these experiments the peripheral blood flow 
seemed to be a more accurate prognostic index than the blood pres- 
sure. Freeman (1933, 1939) also showed that prolonged activity of 
the sympathetic nervous system, whether resulting from the injection 
of adrenalin or from the spontaneous activity of the pseudaffective 
state, resulted in a decrease in the circulating blood volume. This 
decrease could be prevented by complete sympathectomy. 

That the adrenal medulla is overactive in shock is substantiated by 
the presence of an elevated blood sugar, as shown to be the case in 
postoperative shock by Gale (1935) and others. Bedford (1917) recog- 
nized the increased activity of the adrenals in shock, stating: “In- 
creased quantities of epinephrine are thrown into the blood during 
conditions of low blood pressure and shock.” The studies of Dome- 
nech-Alsina (1933), indicating the decreased sensibility to adrenalin 
in certain shock states, fit in well with the idea that the animal 
organism itself has an increased production of adrenalin during shock. 
Domenech-Alsina (1937) in experiments on dogs concluded that the 
maintenance of arterial pressure after hemorrhage does not have a 
direct relation to the production of adrenalin. This is somewhat in 
opposition to the results of several workers, including Bedford (1917) 
and Tournade and Chabrol (1925). Sehlossberg and Sawyer (1933) 
found that sympathectomized cats were more sensitive to hemorrhage 
than normal cats. 

Davis (1937) compared shock produced by repeated hemorrhage, 
trauma to the extremities, and injections of adrenalin or histamine, 
lie found that in adrenalin shock the tissue changes do not resemble 
those produced by hemorrhage or trauma. The lungs are much more 
edematous and the heart is always dilated. The liver frequently shows 
.ueas of \ aeuolization of the hepatic cells with areas of central necrosis 
which are not found in shock resulting from trauma or hemorrhage. 
Other dilterenees are that in adrenalin shock the thyroid gland shows 
a vacuolization and some disappearance of the colloid in the acini and 
a mild hypertrophy of the living epithelium. In histamine shock there 
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shipping, and the general tendency was for this electrolyte to decrease 
m lien the animal was in collapse. Only two of the six dogs subjected 
to muscle trauma showed a significant potassium increase. This in- 
crease seemed to be more dependent on the time interval since the 
trauma than on the severity of the circulating failure and shock. It 
should be remembered that these experiments involved the use of 
adrenalectomized rather than normal dogs. Recently Fenn, Wilde, 
Loak, and ICoencmann (1939), of the University of Rochester, have 
shown that partial or intermittent occlusion of the arterial blood sup- 
ply of a muscle results in an increase in the potassium content of the 
venous plasma. Excessive slowing or complete stagnation did not seem 
to increase further the amount of potassium. Stewart and Rourke (1938) 
reported a lowering of serum potassium associated with operation and 
ether anesthesia in human beings. In none of these patients, however, 
was the blood loss more than 13 per cent of the blood volume. Myers 
and Muntwyler (1910) have recently reviewed the significance of potas- 
sium changes in the blood. Seudder (1910) advised gastric lavage 
to wash out the high potassium containing gastric secretion present 
in shock. Lucena, Peregrino, Ramos, and Bethlem (1910) noted an 
increase in blood potassium and decrease in the sodium following sur- 
gical operation. Larson (1910) has demonstrated that epinephrine 
injections depress the serum potassium level in cats. This would 
make the potassium elevation theory of shock hard to fit in with the 
syndrome of epinephrine shock. Sticlcney (1940) found no relation 
between the potassium balance in resting muscle and adrenalin injec- 
tions. Zwemer and Truszkowski (1936) discussed the relationship be- 
tween the adrenals and potassium. 

3. Role of the Adrenal Medulla. Vasoconstriction in Shock. — 
The historical development of the concept that the vasomotor center is 
intact and the peripheral vessels constricted in all but terminal shock 


has already been traced. The role of overaction of the adrenal 
medulla, as a factor not only in producing this condition, but actually 


in partly causing the shock itself, has recently been re-emphasized, es- 
pecially by Freeman (1933, 1935). Freeman and also Tomb (1937) 
have even suggested the possibility of ergotoxine in the treatment of 
shock to counteract this overaction of the sympatlietics. Early views 
this subject of adrenalin include those of Henderson, Prince, and 
IIa°' 0, ard (1917) : “We conclude that prolonged excessive secretion 
, ° 0< - phrin (if it occurs under pain) is not a critically important 
0 . t j ie p ro duction of shock. It is therefore improbable that sur- 

factoi m T-esult of excessive secretion of the suprarenals see- 

gical shoes is a _ ,, 

, to sensory stimulation. 

onuaiy ^ thesis is that the vasoconstriction associated with 
Freeman s iy accompany ing but also a causative factor. Free- 
shock is not y Hollins: (1938) stated ; “Vasoconstriction 


j, Shaffe 1 ’, Scheeter, and Holling (1938) 
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value, but the intestinal flow was still 20 per cent below its original 
state. 

The recently developed “digital plethysmograph” by Johnson 
(1940), of St. Luke’s Hospital, Chicago, may furnish new information 
on clinical shock problems. This instrument records graphically the 
pulse waves in a finger. While other types of peripheral and central 
circulatory conditions have been studied, so far it has not been applied 
to shock cases. This instrument does not record the absolute pressure, 
merely relative pressures and volume changes in the form of a pulse 
wave. 

Observations upon capillary pressure have been made by Szanto 
(1937), of Budapest. This author observed the capillary pressure de- 
termined according to the method of Herzog in a series of operative 
cases. Readings were taken preoperatively and at varying intervals 
after operation. Minor operations caused little change, but operations 
where shock occurred were followed by a fall in capillary pressure. 
Before operation the capillary pressure averaged 40 to 50 mm. Hg. 
After severe operations there was a fall of 10 to 15 mm. Szanto con- 
cluded: “Decreased capillary pressure may be regarded as a com- 
ponent part of surgical shock.” It is to be noted that these decreases 
were not markedly greater in relative amount than the fall in arterial 
blood pressure which somewhat limits their specific value as a prog- 
nostic or diagnostic sign in shock. 


In summary it would seem that the presence of adrenal medullary 
overaction with (secondary) overaction of the sympathetic nervous 
system and peripheral vasoconstriction definitely is a factor in shock. 
It certainly begins early in the course of shock, but whether it is an 
initiating, accompanying, or perpetuating factor is difficult to de- 
termine. Furthermore, if it is merely a symptom, so to speak, whether 
its treatment is of benefit per se or whether it is a protective mech- 
anism and should be left alone has not been completely decided. For 
some years the author has made the empirical observation that this 
overaction of the adrenals may occur most markedly in young persons. 
If such a young person is submitted to an operative procedure accom- 
panied by considerable loss of blood, he will show a much more marked 
primary elevation of blood pressure than older persons. It would 
seem as though the adrenals were either very easily stimulated or the 
pliable vessels of young persons especially easily constricted. 

4. UOI.K OK TIIE ADRENAL, CORTEX. HORMONE REGULATION OK CAPILLARY 


peumkaiulity. The function of the adrenal cortex is intimately tied up 
with that ot the adrenal medulla and with the regulation of the sodium- 
potassium balance in the body. Early work on the significance of the 
adrenal cortex chiefly centered around the similarity between shock 
following adrenalectomy and other types of shock. Latterly, attention 
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•uo e\ id oiiccs oi. extreme vascular congestion in the splanchnic and 
thoracic viscera. Davis concluded: “The tissue changes present in 
adrenalin shock differ from those of hemorrhage and trauma, and this 
does not lend support to the concept of an excessive adrenal activity 
playing the major role in secondary shock.” 

Jlainlin mid Gregersen (1939) obtained results at variance with 
those of Freeman (1933). These authors used unanesthetized cats and 
found that in both normal and sympathectomized animals adrenalin 
caused an increase in plasma volume. Normal eats anesthetized with 
nembutal do show a reduction in plasma volume, but this is so slight 
as not to cause the volume to fall below the preanesthetic level. It 
would be of interest at this point to compare dosages, for different 
workers used different amounts of adrenalin. 

Freeman (1939) 0.00S mg. adrenalin per Swingle et al. (193S) 0.010 to 0.015 mg. 

kilogram per minute for 90 min. adrenalin per kilogram per minute 

Hamlin and Gregersen (1939) 0.35 mg. for 00 min. 

adrenalin per kilogram per minute 
for 24 min. 


These doses are considerably larger than those used by Prohaska, 
Harms, and Dragstedt (1937) for their chronic hypertension experi- 
ments where no shock resulted (namely 0.0009 to 0.003 mg. per kilo- 
gram per minute). It would seem that several factors would have to 
be considered besides the dosage; first, the duration of the injection, 
and second, whether the injection kept the blood pressure elevated, 
indicating decreased peripheral blood flow. 

Other work has been recently reported having a bearing on this 
aspect of the shock question. Penner and Bernheim (1939) recently 
surveyed the post-mortem records of the Mount Sinai Hospital, New 


York City, for the last ten years and found forty eases of acute post- 
operative and diphtheritic enterocolitis. These followed a number of 
conditions, but “the one finding that was present in all the cases was 
shock ” They postulated that the shock gave decreased blood flow 
and vasoconstriction in the intestines with resultant anoxemia of the 
wall and finally transudation of plasma and even necrosis. The work 
of Rein and Rossler (1929) tends to support this view which explains 
the engorgement of intestinal villi, etc., occurring in shock as well as 
Moon’s toxemia theory. In one of Rein and Rossler ’s experiments 
°. e , n logs equaling 2 per cent body weight resulted in a 20 per cent 
a ' blood pressure in eight minutes. Simultaneously the flow 
drop m intestine decreased 70 per cent and through the femoral 
throng l . k Ten minutes after cessation of the bleeding the 
artery 8- P ei g on jy 5 per cent below its control value and the 
blood pressuie ^ actually risen to 30 per cent above the initial 

femoral artery 
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(1933) presented a table (see Table VII) showing that of thirty-two 
different factors, all but two were similar to shock and hemorrhage, 
and one of these was not definite. 

The one discrepancy, as they pointed out, is that in adrenal in- 
sufficiency the blood sugar is low, while in traumatic shock it is nor- 
mal or elevated. Freeman (1933) took this as a point of departure 
to disagree with Swingle and associates and while agreeing with 
them that a type of shock certainly follows adrenalectomy, this does 
not mean that adrenal insufficiency is the cause of all shock any more 
than, since insulin shock resembles ordinary shock in many particu- 
lars (and it it to be noted also gives a low blood sugar), therefore, all 
shock is due to hyperinsulinism. 

Swingle and co-workers (1938) performed other experiments on the 
reaction of adrenaleetomized dogs. These dogs developed fatal shock 
when submitted to various traumatizing procedures (i.e., intraperito- 
neal glucose injection) ; whereas, animals primed with hormone re- 
acted like dogs with normal adrenals. The adrenaleetomized dogs 
exhibiting circulatory collapse promptly reacted to intravenous in- 
jections of hypertonic saline solution with restoration of blood pres- 
sure and hemoconcentration to normal. The effect was temporary 
and the fluid was not held in circulation unless cortical hormone was 
given. The writers attributed the cause of death from adrenal in- 
sufficiency to “capillary atony, with resulting dilatation, stasis, and 
peripheral vascular stagnation and believe that the cortical hormone 
is concerned with the maintenance of capillary tone and therefore 
regulatory control of the volume capacity of the circulatory system.” 

Swingle and co-workers (1937) extended their work to show that 
losses of water and electrolytes to the exterior of the body by way 
of the urine are not necessary accompaniments of adrenal insufficiency 
in dogs. 

Swingle and co-workers (1938) have recently modified their earlier 
views (1935) to a contrary opinion in certain regards. They more 
recently held that in shock in adrenaleetomized animals the hemocon- 
centration, when present, and loss of effective circulatory fluid volume 
are due to factors other than sodium or chloride and associated fluid 
changes. In their experiments the levels of serum sodium and chloride 
remained unchanged, even when the animal became moribund and it was 
evident that the circulatory collapse was not due to disturbance of the 
extracellular electrolyte pattern with resulting upset in the internal 
distribution of body water between extracellular (including vascular) 
and intracellular compartments. 

in these experiments strong vigorous clogs who had been bilaterally 
adrenaleetomized some months previously and kept on maintenance 
doses of adrenal cortical hormone were used. Seven wore subjected 
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was paid to the treatment, both therapeutic and prophylactic, of shock 
states with adrenal cortical hormone, both synthetic and natural. 

Shock, h allowing Adrenalectomy . — It has been known for some time 
that bilateral adrenalectomy will cause shock and death. Early studies 
of the Princeton group, including Swingle, Pfiffner, Parkins, Vars, 
Lott, Donahue, Taylor, and Hays (1933-1937), have shown that such 
shock is quite similar to surgical and traumatic shock and that, 
furthermore, adrenaleetomized dogs are more susceptible to various 
agents commonly known to produce shock (intestinal stripping, hemor- 
rhage, trauma, etc.). Those authors also showed that the various 
physiologic and chemical changes accompanying such shock due to 
adrenalectomy could be largely prevented or, if present, relieved by 
adequate adrenal cortical hormone dosage. In fact the similarity to 
shock was so striking that Swingle, Pfiffner, Vars, Bott, and Parkins 


Table VII 


Conditions Existing in Adrenal Insufficiency (Animals) and Traumatic 

Shock (Man) 

(From Swingle, Pfiffner, Vars, Bott, and Parkins (1933) 


1. Blood volume 

2. Blood pressure 

3. Hemoglobin 

4. Hematocrit 

5. Bed cell count 
G. Venous pressure 

7. Bate blood flow 

8. Blood viscosity 

9. Hemoconcentration 

10. Cardiac output 

11 . Venous return to right heart 

12. Heart rate 

13. Heart condition 

14. Weak, fast pulse 

15. Vasoconstriction 

16. Ability to dilute 

17. Blood nonprotein nitrogen and urea 

18. Alkali reserve 

19. Basal metabolism 

20. Blood sugar 


21. Body temperature 

22. Use vasoconstrictor drugs 
23! Effect forcing fluids 

24. Vasomotor center 

25. Sensitivity to painful stimuli 

26. Sensitivity to cold 

27. Sensitivity to anesthetics 

28. Sensitivity to histamine 


29. Sensitivity to infections and toxins 

30. Urine volume 

31. Sensitivity to hemorrhage 
Sensitivity to trauma qn d_ op e»«tions 


Decreased 

Decreased 

Increased 

Increased 

Increased 

Decreased 

Decreased 

Increased 

Increased 

Decreased 

Decreased 

Increased 

Normal apparently 

Present 

Present 

Lacking 

Increased 

Decreased 

Decreased 

Decreased in adrenal insufficiency 
Norma] or slightly above in traumatic 
shock 
Decreased 
Ineffective 
Beneficial 
Normal apparently 
Decreased 
Increased 
Increased 

Increased in adrenal insufficiency, ac- 
tion unknown in shock 
Increased 
Decreased 
Increased 
Increased 
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(1933) presented a table (see Table YU) showing that of thirty-two 
different factors, all but two were similar to shock and hemorrhage, 
and one of these was not definite. 

The one discrepancy, as they pointed out, is that in adrenal in- 
sufficiency the blood sugar is low, while in traumatic shock it is nor- 
mal or elevated. Freeman (1933) took this as a point of departure 
to disagree with Swingle and associates and while agreeing with 
them that a type of shock certainly follows adrenalectomy, this does 
not mean that adrenal insufficiency is the cause of all shock any more 
than, since insulin shock resembles ordinary shock in many particu- 
lars (and it it to be noted also gives a low blood sugar), therefore, all 
shock is due to hyperinsulinism. 

Swingle and co-workers (193S) performed other experiments on the 
reaction of adrenaleetomized dogs. These dogs developed fatal shock 
when submitted to various traumatizing procedures (i.e., intraperito- 
neal glucose injection ) ; whereas, animals primed with hormone re- 
acted like dogs with normal adrenals. The adrenaleetomized dogs 
exhibiting circulatory collapse promptly reacted to intravenous in- 
jections of hypertonic saline solution with restoration of blood pres- 
sure and hemoeoneentration to normal. The effect was temporary 
and the fluid was not held in circulation unless cortical hormone was 
given. The writers attributed the cause of death from adrenal in- 
sufficiency to “capillary atony, with resulting dilatation, stasis, and 
peripheral vascular stagnation and believe that the cortical hormone 
is concerned with the maintenance of capillary tone and therefore 
regulatory control of the volume capacity of the circulatory system.” 

Swingle and co-workers (1937) extended their work to show that 
losses of water and electrolytes to the exterior of the body by way 
of the urine are not necessary accompaniments of adrenal insufficiency 
in dogs. 

Swingle and co-workers (1938) have recently modified their earlier 
views (1935) to a contrary opinion in certain regards. They more 
recently held that in shock in adrenaleetomized animals the hemoeon- 
centration, when present, and loss of effective circulatory fluid volume 
are due to factors other than sodium or chloride and associated fluid 
changes. In their experiments the levels of serum sodium and chloride 
remained unchanged, even when the animal became moribund and it was 
evident that the circulatory collapse was not due to disturbance of the 
extracellular electrolyte pattern with resulting upset in the internal 
distribution of body water between extracellular (including vascular) 
and intracellular compartments. 

In these experiments strong -vigorous dogs who had been bilaterally 
adrenaleetomized some months previously and kept on maintenance 
doses of adrenal cortical hormone were used. Seven were subjected 
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to intestinal stripping and six to muscle trauma. In most instances 
the amount of trauma was not such as to produce shock in normal 
animals. Memoeoneenfration to a rather marked degree occurred in 
some instances but not in others. It was apparent, therefore, that in 
the type of animal employed in these experiments hemoconcentration 
is not a necessary accompaniment of shock, hi those cases where it 
does occur, fluid was lost both locally and generally. These writers 
stated in this regard: “We do not attribute the increased perme- 
ability of the capillaries directly to lack of cortical hormone; rather, 
we assume, that it is due to the general capillary atony, dilatation 
and stasis which results from lack of hormone.” 


Adrenal cortical hormone exerted a very striking effect in reviving 
the animals in the experiments by Swingle and associates and in re- 
storing the blood pressure. Hypertonic saline solution given intra- 
venously when profound shock existed raised the arterial pressure 
to normal levels. In the absence of cortical hormone, however, the 
effect was temporary and the animals soon lapsed into a shock state. 
The significance of these experiments is yet to be finally determined. 

Swingle and co-workers (193S) performed intestinal manipulation 
experiments on adrenalectomized dogs that led them to conclude that 
the cortical hormone exerts a direct effect upon blood pressure which 
is distinct and separable from the action of the hormone upon blood 
volume and fluid and electrolyte distribution. When the dogs were in 
collapse following the manipulative procedure, an intravenous injec- 
tion of 3 c.c. per kilogram body weight of hormone was given, followed 
by gradual but steady improvement in the blood pressure. Since the 
serum electrolytes (Na, K, Cl) showed little change in these experi- 
ments, and, since about one-half of the dogs did not show hemocon- 
centration or loss of extracellular fluids when in profound shock, 
the hormonal action seemed to have a somewhat specific blood pres- 
sure raising function. Other observations include those of Britton 
and Silvette (1933), who reviewed the theories of corticoadrenal 
function. The especial importance of urinary chloride determinations 
in Addison’s disease has been stressed by Butler, Power, and Wilder 
(1938). Weil and Browne (1939) reported an increased excretion of 
eortin in the urine after surgical operations. 


Therapy of Shock With Cortical Hormone . — Early observations on 
value of adrenal cortical extract include those of Marinorsfon- 
Pottesman and Perla (1931). These authors found that adequate 
U .f injections could bring the resistance to histamine of supra- 
C01 Tctomized rats almost to normal. Reed (1938) studied the use 


, adren al cortical extract in obstetric shock. . 

0 1 ,, 0 f Heuer and Andrus (1934) furnish additional evidence 

The resu ., dre nal cortical extract in at least certain types of 

for the efficacy or “ 
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shock. These authors found that the intravenous injection of aqueous 
extracts of fatal high intestinal obstruction loops caused a primary 
and .secondary fall in blood pressure. The latter was associated with 
a loss of plasmalike fluid from the circulating blood. Immediate in- 
jection of adrenal cortical extract had a marked effect both in pro- 
longing the life of the animal and in preventing the drop in blood 
pressure and lessening the amount of plasma loss. Once shock had 
been present for an hour or more, however, neither intravenous saline 
solution, blood, etc., or adrenal cortical extract alone was of much 
avail. A combination of these treatments, on the other hand, had a 
markedly beneficial effect. 

One of the most recent reviews of the use of adrenal cortical prepara- 
tions in the treatment of Addison's disease is that of Ferrebee, Ragan, 
Atehley, and Loeb (1939). These authors used the synthetic com- 
pound desoxycortieosterone acetate or propionate (synthesized by 
Reichstein in 1935) and found very drastic effects. Over a ten-day 
period the following determinations showed a marked rise: serum 
sodium, body weight, serum volume, total blood volume, interstitial 
fluid volume, and systolic blood pressure. The following determina- 
tions showed a corresponding significant decrease: serum potassium, 
serum sugar, serum nonprotein nitrogen, serum protein, and sei-um 
cholesterol. Ragan, Ferrebee, and Fish (1939) studied the effect of 
desoxycortieosterone acetate upon plasma volume in patients during 
ether anesthesia and surgical operations. They found that the fall in 
plasma volume that occurred in control cases is not present when pa- 
tients have been given desoxycortieosterone acetate subcutaneously 
three to four hours before operation. Pei-la (1939) reported that an 
excess of sodium chloride will markedly increase the resistance of rats 
to large amounts of histamine. Perla, Freiman, Sandberg, axxd Green- 
berg (1940) reported that desoxycortieosterone acetate and eortin 
combined with saline solution will prevent histamine shock in rats 
and mice and operative shock in human beings. The eleven patients 
upon whom the clinical conclusions were based might not have de- 
veloped shock without the treatment, but at least did very well with it. 
A recent editorial (1940) in the Journal of the American Medical As- 
sociation commenting on this article warned against too early enthusiasm. 

"V arangot (1940) favored the use of desoxyeortieosteroixe in the 
prevention of shock. Selye and Dosne (1940) showed that desoxy- 
cortieosterone overdosage in the rat leads to hypoehloremia and 
adrenal atrophy. Selye and Passett (1940) have also recently shown 
that synthetic adrenal cortical extract (desoxj-corticosterone) causes 
maiked diuresis accompanied by increased chloride i*etention. 

Selye and Dosne (1940) pointed out that, while pure corticosterone 
seems useful in the treatment of shock, even if all the slaughter house 
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to intestinal stripping and six to muscle trauma. In most instances 
the amount of trauma was not such as to produce shock in normal 
animals. Hemoeoneentration to a rather marked degree occurred in 
some instances but not in others. It was apparent, therefore, that in 
the type of animal employed in these experiments hemoeoneentration 
is not a necessary accompaniment of shock. In those cases where it 
does occur, fluid was lost both locally and generally. These writers 
stated in this regard: “We do not attribute the increased perme- 
ability of the capillaries directly to lack of cortical hormone; rather, 
we assume, that it is due to the general capillary atony, dilatation 
and stasis which results from lack of hormone.’' 


Adrenal cortical hormone exerted a very striking effect in reviving 
the animals in the experiments by Swingle and associates and in re- 
storing the blood pressure. Hypertonic saline solution given intra- 
venously when profound shock existed raised the arterial pressure 
to normal levels. In the absence of cortical hormone, however, the 
effect was temporary and the animals soon lapsed into a shock state. 
The significance of these experiments is yet to be finally determined. 

Swingle and co-workers (193S) performed intestinal manipulation 
experiments on adrenalectomized dogs that led them to conclude that 
the cortical hormone exerts a direct effect upon blood pressure which 
is distinct and separable from the action of the hormone upon blood 
volume and fluid and electrolyte distribution. When the dogs were in 
collapse following the manipulative procedure, an intravenous injec- 
tion of 3 c.c. per kilogram body weight of hormone was given, followed 
by gradual but steady improvement in the blood pressure. Since the 
serum electrolytes (Na, Iv, Cl) showed little change in these experi- 
ments, and, since about one-half of the dogs did not show hemocon- 
centration or loss of extracellular fluids when in profound shock, 
the hormonal action seemed to have a somewhat specific blood pres- 


sure raising function. Other observations include those of Britton 
and Silvette (1933). who reviewed the theories of corticoadrenal 
function. The especial importance of urinary chloride determinations 
in Addison’s disease has been stressed by Butler, Power, and Wilder 
(1938). Weil and Browne (1939) reported an increased excretion of 
cortin in the urine after surgical operations. 


Therapy of Shock With Cortical Hormone . — Early observations on 
the value of adrenal cortical extract include those of Marmorston- 
Gottesman and Perla (1931). These authors found that adequate 
_ ... i n i e ctions could bring the resistance to histamine of supra- 
C, einlectomized rats almost to normal. Reed (1938) studied the use 
If adrenal cortical extract in obstetric shock. . 

suits of Ileuer and Andrus (1934) furnish additional evidence 
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for the efficacy 


of adrenal cortical extract in at least certain types of 
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control group had a mortality of 62 per cent and survived an average 
of only 8 hours. These experiments indicated the relative inadequacy 
of desoxycortieosterone as compared with adrenal cortical extract, 
but this conclusion is rendered less definite by the introduction of a 
second variable into the experiments; namely, the absence of post- 
operative injections in some of them {vide supra). 

Seudder (1940) also used cortical extract with salt solution clin- 
ically in twenty-seven cases. These included instances of postoperative 
shock, burns, hemorrhage, sepsis, intestinal obstruction, perforated 
duodenal ulcer, and acute pancreatitis. In general the results were 
good. A coincident hypopotassemia seemed to afford somewhat of a 
contraindication to the use of adrenal cortical extract. 


The present status of the use of adrenal cortical hormone in the treat- 
ment of shock is hard to describe. The remedy seems to offer much 
promise, but the f ull extent of its usefulness and contraindications is not 
yet defined. Many of the clinical reports contain short lists of opera- 
tions treated with cortical hormone without the development of shock 
that in my experience would not have developed shock even without 
cortical hormone if reasonable plasma balance had been maintained. 
There may be dangers in the use of cortical hormone, and Scudder 
(1940) has stated that in septic shock cortical extract may be harmful. 

5. Toxins, Histamine, and Tissue Metabolites. — The toxic theory 
of shock was chiefly promulgated by Quenu (1918) in France and by 
the Shock Committee in England at the same time (Cannon and associ- 
ates). Since this work was done shortly after the early work of Dale 
(1910) on histamine, this drug was the chief suspect. It is of interest 
in this connection to note that Sir Henry Dale recently stated: “With 
regard to the possible role of histamine, we know now, what we did not 
know then, that of all the major tissues of the body, the muscles con- 
tain least of that substance. Whatever else it may have been, the shock 
following the Bayliss-Cannon limb trauma was not histamine poison- 
ing.” The two questions now to be discussed are: (1) Is a toxin active 
in shock? (2) If so, is it histamine? 

Histamine . — Of all the toxins imputed as being the cause of shock, 
histamine heads the list. There are probably two reasons for this 
fact : first, that histamine was one of the fii'st autogenous vasode- 
pressants to be studied considerably ; and second, that the time of this 
study only shortly antedated World War I, when shock was also the 
center of attention. One of the earliest studies was that of Dale 
and Laidlaw (1910), who investigated the blood pressure depressing 
effects of histamine (/3-iminazolylethylamine). This substance was 
found in depressor extracts of intestinal mucosa by Barger and Dale 
(1911). Further studies soon followed and in 1919 Dale and Laidlaw 
reported studies showing that, along with the fall in blood pressure 
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material iu North and South America could be secured, it would be 
insufficient to make such compounds available on a large scale. Thus, 
it took 400 pounds of cattle adrenal to make 50 mg. of pure corticos- 
terone. Some hope is held out for obtaining sufficient quantities of 
corticosterone from the urine of domestic animals. The inefficacy of 
desoxycorticosterone seemed to indicate that the hydroxyl group on 
carbon atom 11 is important for the shock-combating action of adrenal 
steroids. Furthermore, the inefficacy of adrenal cortical extract mix- 
tures is due to the presence of impurities which counterbalance the 
beneficial effects of the pure corticosterone. 

Selye (1937) showed that the adrenal cortex hypertrophies follow- 
ing the exposure of an animal to a damaging agent. Weil and Browne 
(1939 and 1940) reported that eortin is excreted in the urine of pa- 
tients under conditions of damage. In another article (1939) these 
authors stated that there is an increased excretion of eortin following 
surgical operations, reaching a maximum between the second and fifth 
postoperative days, and then gradually falling to the preoperative 
level. These experiments indicate an increased function of the adrenal 
cortex as a response to general organism injury. 

Selye, Dosne, Bassett, and Whittaker (1940) studied experimentally 
the relation of the adrenals, thymus, and shock. They pointed out 
that mild trauma produces adrenal hypertrophy and thymus atrophy, 
the so-called ‘ ‘ countershoek phenomena. ’ ’ The countershock is caused, 
they believe, by increased adrenal cortical secretion. Preoperative 
administration of the latter would seem unwise, as it caused atrophy 
of the adrenals. These writers then went on to point out that desoxy- 
corticosterone has proved inactive in their experiments on shock, while 
most cortical extracts were so crude as to be likewise inactive. They 
found that a reasonably pure eortin was effective in ameliorating 
shock in white rats produced by intestinal trauma or subcutaneous 
formaldehyde injection. Repeated small doses were necessary. They 
concluded as follows: “In the case of continued treatment with high 
doses of desoxycorticosterone the substance proved not only inactive 


but actually harmful.” 

At the same time as the article by Selye and co-workers (1940), 
Weil Bose, and Browne (1940), also reporting from McGill Uni- 
versity offered further evidence for the value of adrenal cortical 
hormones in the treatment of experimental shook. Ether-anesthetized 
■abbits were given shock by means of trauma to the intestines. One 
lL . received eortin and desoxycorticosterone acetate, both preop- 
S1 '°tively and postoperatively; the second group received preoperative 
eia \ -tieosterone only, while the third control group received no 
desoxy eoi ^ g rst group had a mortality of 19 per cent and sur- 

medication. ^ hom . s; the second group had a mortality of 

vived an a ° v i v ed an average of 14.6 hours, while the third 

46 per- cent and sum v 
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In further experiments he used Barsoum and Gaddum’s (1935) ex- 
traction method, which eliminates substances other than those of 
histamine-like character acting on the isolated guinea pig intestine. 
Minard’s investigations revealed that blood returning from a trau- 
matized extremity of a dog contains a distinctly greater amount of 
histamine-like substances than venous blood from the opposite normal 
extremity, the increase averaging 80 per cent in six experiments. 
No appreciable change was observed in the histamine equivalent of 
arterial blood and venous blood from normal extremities before trauma 
and after the animal was in profound shock. Minard was unable to 
state as a result of these investigations whether this local increase 
after trauma was or was not significant. Macdonald and Woolfe 
(1938), of Manchester, compared the histamine equivalents of the 
blood from normal and traumatized limbs in a series of cats, usually 
shortly before the death of the animal. The increase in this series 
was markedly less than that found by Minard (1937) and not even 
constantly present. These authors concluded that the slight rise 
might be due to ischemia of the tissues, and that there is little justifica- 
tion for assuming that histamine is liberated in significant amounts 
from damaged tissues in acute traumatic shock. Code and Macdonald 
(1937) also reviewed the histamine-like activity of the blood. 

One of the most important blows to the histamine theory of shock 
comes from the paper of Dragstedt and Mead (1937). These authors 
showed that, while experimental shock could not be duplicated by 
intravenous histamine injections, subcutaneous and intramuscular in- 
jections would reproduce it in many respects. Testing the blood and 
thoracic duct lymph of these dogs for histamine gave positive results 
while similar dogs suffering from traumatic (trauma to intestines or 
extremities) shock gave negative analyses. They conclude : 

1. “We failed to find any vasodepressor ‘toxin’ in the blood and 
lymph of dogs during experimental surgical shock.” 

2. “Experiments indicate that if the vasodepression of surgical 
shock was due to a toxemia such as that of histamine, the methods em- 
ployed would have been adequate to detect it.” 

Phemister and Handy (1927) found no evidence of histamine in 
traumatized blood. Simonart (1928), Blalock (1930), and Herbst 
(1934) also found no toxin. Schneider (1930) found no evidence of 
toxins when he injected blood from traumatized patients into animals. 
Gai’lton (1935) opposed the toxemia theory and O’Shaughnessy and 
Slome (1935) stated: “Our first conclusion is that a toxemia due 
to the elaboration of histamine, or any other depressor substance manu- 
factured in the traumatized area, plays no part in the syndrome of 
traumatic shock.” 
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accompanying experimental histamine shock, there was a hemocon- 
centration, in some cases quite considerable (hemoglobin rise to 148 
from a control of 96, and hematocrit rise to 50 from a control of 33). 
ihese authors attributed the hemoeoneentration to an increased per- 
meability of the peripheral vessels with outflowing of blood plasma. 
Atchley, Richards, and Benedict (1931) confirmed these findings in 
experimental histamine shock. 

Shortly after Loewi and Dale focused attention on acetylcholine 
and other autogenous depressor extracts, in the early 1930’s a new 
wave of interest involved the role of these substances in shock. Cliang 
and Gaddum (1933) studied the mechanism of extraction of the sub- 
stances affording new impetus by the advantages of their new chem- 
ical technique with trichloracetic acid extracts. Acetylcholine in 
particular was studied by Dudley (1933) and the work of Euler and 
Gaddum and others of Dale’s associates at the National Institute for 
Medical Research (Hampstead) gave new information on acetyl- 
choline, adenosine, Il-substanee, and other vasodepressants. The 
contributions of workers at the Institute are of great importance in the 
understanding of vasodepressor substances. This work, for which 
Dale received the Nobel Prize, includes the observations of Euler and 
Gaddum (1931) on the P substance, Dale and Gaddum (1930), Dale 
and Dudley (1931), Dale and Feldberg (1934), Feklberg and Gaddum 
(1934), and the comprehensive review of Dale (1934). The results of 
this work showed that histamine is only one of the many depressor 
substances. 

There are still many advocates of the toxic theory of shock. Hooker 
(1920) was one of its supporters. Its popularity at the close of "World 
War I is indicated by the following quotation from KrogJi ’s monograph 
(1922) in which he referred to the Special Investigation Committee on 
Surgical Shock (1919) : “The work of the Committee has proved con- 
clusively that traumatic shock is due primarily to the action of toxic 


substances formed in the injured tissue.” 

Konig (1934), in Germany, believed that intermediary products of 
nuclear disintegration cause shock and collapse. Lurje (1936), in 
Moscow, advocated the toxic theory, finding a great increase in the 
amino acid nitrogen following operation. Aird and Henderson (1937) 
further showed that the histamine content of the peritoneal transudate 
from strangulated cat intestine increases until, after twenty-four 
of strangulation, it reaches a maximum of 1 .-5,000 to 1 .-20,000. 
The 1 total content may amount to 4 mg., but they do not believe this 
is the sole lethal factor present. 

recent work of Minard (1937) has advanced the study of blood 

" m,-„ niithor showed that in certain species, e.g., the rabbit, 

histamme. Dus dUluo .. , , . , • - - — 


large 


roportion of the blood histamine is in the platelet fraction. 
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acetylcholine in lowering the blood pressure. Domenech-Alsina 
(1933) studied histamine hypotension. His researches indicated that 
loss of fluid at the level of the digestive tract is of probable predom- 
inant importance in the production of hemoconcentration in dogs fol- 
lowing histamine administration. 

The work of Lewis and his associates also tended to favor the impor- 
tance of a histamine-like substance. The studies of Lewis and ITarmer 
(1927) on the evidence for release of such a substance from injured 
skin, of'. Harris (1927) and other papers from the University Col- 
lege Medical School helped to advance this idea. More recently, the 
research of Barsoum, Gaddum, and Smirk (1935, 1936) at the Univer- 
sity of Cairo has put forth new evidence for the histamine hypothesis. 
These authors have developed a new technique for determination of 
blood histamine, supposedly capable of detecting 0.02 y per cubic 
centimeter of blood. They found more in the corpuscles than in 
plasma and found an increase after release of a constrictor to an 
extremity and after burns. The relation of the increase in burns to 
the presence of shock in that condition was so variable, however, that 
they stated: "The relation of this rise in blood histamine to secondary 
shock is uncertain. There was no clear evidence of any correlation 
between the blood histamine and the clinical condition of the patient. ’ ’ 
This is especially true since the blood histamine did not reach its 
maximum until an average of ten days after the burn, long after shock 
usually occurs. 

The important work of Menkin (1936-1940) on inflammatory ex- 
udates has considerable bearing on the histamine hypothesis of shock. 
Exudates from burns and other types of human or experimental inflam- 
matory processes were injected intracutaneously on a rabbit’s ab- 
domen. Simultaneous injection of trypan blue into the ear vein caused 
a marked collection of the dye around the abdominal wheal, indicating 
increased capillary permeability in that area. The active factor is 
nonprotein, nitrogenous, dialyzable, and precipitated by concentrated 
ammonium sulfate. It seemed, according to Menlcin, to be an intei’- 
mediary breakdown product of protein metabolism, probably belong- 
ing to the group of relatively simple polypeptides. It had no similar- 
ity to histamine. In a later paper (1939) he calls it "Ieukotoxine. ” 
This substance has both a permeability factor and a ehemotactic 
factor. It does not contain histamine or resemble histamine as far as 
contractible effect on an isolated strip of guinea pig intestine. The 
studies of Chessman and Rigdon (1939) on capillary permeability 
and inflammation and the influences of narcosis on the degree of per- 
meability are of interest in connection with Menkin ’s work. The 
recent work of Hughes (1939), of St. Mary’s Hospital, London, on 
tile capillary permeability-increasing factor of various inflammatory 
exudates is also of interest in this regard. 
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It is to be remembered that Moon advocated a toxic theory and 
showed pictures of tissues from histamine and traumatic shock both 
engorged while hemorrhagic shock gave dry organs. 0 'Shaughnessy 
and felome (1935) reported findings quite contradictory to those of 
Moon. They stated : “The postmortem appearances in animals whose 
death has followed the administration of histamine differs [sic] signifi- 
cantly from those seen after death from traumatic shock.” They then 
described the typical picture of histamine shock with its capillary con- 
gestion, congested viscera, etc., and continued: “In striking contrast 
to this, the characteristic feature after death from traumatic shock 
is a general pallor of the viscera, especially of the intestines, and of 
the omentum.” Other data on Moon's theory are discussed in the sec- 
tion on his book. 

However, histamine shock is not entirely dissimilar to traumatic or 
hemorrhagic shock, as shown by the experiments of Butler, Beard, and 
Blalock (1931). These authors determined the blood volume, plasma 
volume, red blood cell count, hemoglobin, and chloride content of 
blood before and after a low blood pressure had been produced by the 
subcutaneous injection of histamine, by the removal of blood plasma, 
and by the removal of whole blood. The injection of histamine pro- 
duced alterations that were similar to those which accompanied the 
removal of blood plasma. Furthermore, histamine led to a decrease in 
the water content of striated muscle similar to that produced by 
trauma, by burns, and by the removal of blood plasma. 

The experiments of Wilson and Roome (1936) are of importance 
with regard to the toxic theory of shock. These authors found that 
centrifugated extracts of traumatized limbs obtained by means of a 
hydraulic press caused no blood pressure fall when perfused in a sec- 
ond heparinized animal; indeed, a slight pressor effect was obtained. 
Similar extracts of traumatized muscle alone were slightly toxic but 
did not produce a sustained fall in blood pressure or death. Roome 
and Wilson concluded that: “The findings do not support the ‘toxic 
theory’ of the etiology of traumatic shock.” Fender and Guptill 
(1936) interpreted their experiments as arguing against the presence 
of a toxic factor in traumatic shock. In two experiments a normal 
do" was connected to a traumatized dog for a period of two hours by 
blood vessel anastomosis and then separated. The normal dog re- 
covered These latter experiments are all right as far as they go, but 
theTare too incomplete to prove anything. 

Tissue Metabolites.— In this country general knowledge of the choline 
, or compounds has been especially advanced by Hunt and 
vasodepr ^ .1936) of Harvard University. Their studies are es- 

Renskav { - n that they show that these substances are so often 

pecially m er ^ turally in the body. It is of historical interest that 
found occiu rin- . were the fii’st to show the dramatic effect of 
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and Dragstedt (1940) have shown that trypsin will liberate histamine 
from tissues. 

The possibility, therefore, is yet to be ruled out that tissue metabo- 
lites, not exactly toxins and not histamine, are active in shock. If so, 
they may be of importance in causing a generalized loss of fluid from 
the blood stream. On the other hand, even though present, they may 
be only secondary to some other process as anoxia. 

6. Nervous Factors. — The nervous theory of origin of shock might be 
said to have been the leading theory up to the time of World War I, 
when Cannon, Quenu, and others introduced the traumatic toxemia 
theory. Both Meltzer’s theory of inhibition and Crile’s theory of ex- 
haustion are variants of the nervous theory. At present it seems that 
the original nervous injury is seldom great enough to be an initiating 
factor in shock. Some, such as Mahaffey (193S) and Rehn (1937), still 
support the nervous theory. Rehn (1937) in his monograph entitled 
Der Shock und verwandte Zustande des autonomen Systems ascribes to 
just what he says in his title ; that is, the nervous theory of origin. This 
work is largely based on “theoretical-clinical” reasoning. 

Simonart (1928) concluded, as a result of experiments on cats, that 
an intact nerve supply is essential for the production of traumatic 
shock, but he has since modified this view. Blalock and Bradburn 
(1930) found the shock that results from central nervous system 
trauma to differ in important respects from the following hemorrhage. 
The role of the hypothalamus in the regulation of blood pressure has 
recently been reviewed by Leiter and Grinker (1934). 

The paper of 0 ’Shaughnessy and Slome (1935) introduced new 
evidence in favor of the nervous theory of shock and especially in- 
fluenced London and Continental thought. One hundred cats anes- 
thetized by chloralose (0.08 Gm. per kilogram body weight) were used 
in their experiments, which can be divided into the following groups. 

A. Experiments to Determine the Presence of a Possible Toxin . — 

1. Occlusion of Venous Return: 0 ’Shaughnessy and Slome showed 
that ligation of the femoral vein (as practiced by Parsons and Phemister, 
1930) or of the common iliac vein (as practiced by Holt and Macdonald, 
1934) is insufficient to prevent completely the venous return from a 
limb. Effective occlusion was attained by ligature of the femoral vein 
and its tributaries in the groin and the external, internal, and common 
iliac veins, and the inferior vena cava and its transverse iliolumbar 
tributary. However, a limb, when so isolated, still produced lethal shock 
when traumatized. 

2. Perfusion of a Traumatized Limb: This likewise gave no evidence 
of a toxin. 

3. Vividialysis: This type of experiment also gave no evidence of a 
toxin. 
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In line with the work of Menkin, Rigdon (1940) has shown that 
iutradcrmal adrenalin inhibits the localization of trypan blue in areas 
of inflammation produced by xylol application. This xylol reaction 
(Rigdon, 1940) can be accentuated by a substance obtained from 
certain tissues of normal rabbits. The recent report of Lambert and 
Rosenthal (1940) on liberation of a histamine-like substance on stimu- 
lation of sympathetic nerves may lead to possible bridging of the gap 
between the “histamine” and “sympathetic overaetivity” theories of 
shock. The further studies of Minard and Rosenthal (1940) on the 
use of thymoxyethyldiethylamine in counteracting certain histamine 
actions in dogs may be of therapeutic import. 

Rose and Weil (1939) found that, during anaphylactic shock in 
the rabbit, a marked decrease in total blood histamine occurred, and 
that no increase in plasma histamine was • observed. In a series of 
clinical cases with varying degrees of shock, as manifested by clinical 
signs, hemoconcentration and blood pressure fell and the blood his- 
tamine level was low, as compared with control values and those after 
recovery. The total blood histamine was also low in agonal states, 
and in shock eases the decrease was greater in the more severe in- 
stances. Rose and Browne in a second paper (1940) pointed out that 
this decrease may be due to localization of the histamine in the injured 
tissues or the gastrointestinal tract. Therefore, the absence of an 
increase in the blood does not necessarily mean that histamine is not 
an active factor in shock production. 

The possible relationship between the histamine and the adrenal 
theories of shock might possibly be explained by the recent reports of 
Karady, Rose, and Browne (1940) working at the Royal Victoria 
Hospital, Montreal. Adrenalectomy produced a diminution in the 
histamiuase content of the lungs of rats maintained on a standard 
diet and given normal saline solution to drink. If water were substi- 
tuted for the normal saline solution, an even greater diminution oc- 
curred. Finally the diminution of histamiuase in the lung tissue of the 
adrenalectomized rat could be restored to within normal limits by 
the administration of adequate amounts of cortin. 

Feldberg and Kellaway (1938) and Feldberg, Holden, and Kellaway 
11938) have made important studies on histamine liberation and action. 
They showed that “cobra venom contains a lecithinase which splits 
off oleic acid from lecithin. The resulting rest, lysoeithin, is power- • 
,, } ienl0 lytic.” This substance can be tested for by injection into 
anterior chamber of a rabbit's eye. The recent studies of Katz 
1194Cn demonstrating that the sensitized rabbit cells will liberate 
^ yjtro when placed in contact with antigen, have possi- 
histamine s t u dy not only of anaphylactic shock, but also of the 
bilities m . 0 £ s j 10e fc i n general. Ramirez dc Arellano, Lawton, 

histamine kypome 
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The work of Skumaeker, Lamont, and Metcalf (1939) on cross 
circulation of normal animals indicates the complexity of factors that 
may arise in shock cross-circulation experiments. Their studies show 
how poorly worked out are the control shifts of blood and fluid. Un- 
til the range of these factors is established, this type of experiment can- 
not he properly applied to the more complex question of shock. Or, 
in other words, if we don’t know what happens when two normal dogs 
are cross circulated, how are we to appraise what happens when one 
of them is traumatized? Bell, Clark, and Cuthberts on (1938) did 
cross-circulation experiments, applying trauma to the transfused hind- 
limb of a recipient cat. A marked fall in blood pressure of the donor 
occurred, followed by death, while the recipient was practically un- 
affected. These results are the opposite of those of 0 ’Shaughnessy 
and Slome (1935). 

The experiments of Blaloek and Cressman (1939) indicated that the 
type of anesthetic agent alone may have been an influencing factor in 
0 ’Shaughnessy and Slome ’s results. In the English experiments 
chloralose was used to anesthetize cats. Blaloek and Cressman used 
both dogs and cats and both nembutal and chloralose in similar ex- 
periments. In none of the nembutal experiments was there evidence 
of the importance of nervous impulses in the genesis of shock. In 
cross-circulation experiments in which trauma was applied to a trans- 
fused hindlimb of the recipient animal no positive evidence as to the 
deleterious effects of nervous impulses was obtained, confirming the 
findings of Bell, Clark, and Cuthbertson (1938). The only positive 
evidence at all as to the importance of nerve impulses was obtained in 
the series of cats anesthetized by chloralose in which preliminary and 
repeated spinal anesthesia apparently exerted beneficial effects. This 
was not found in cats anesthetized by nembutal or in dogs anesthetized 
by either nembutal or chloralose. In these experiments local loss of 
fluid seemed to be the chief, even if not the only, factor. 

The recent article of Lorber, Kabat, and Welte (1940) again swings 
the pendulum towards emphasis on the nervous factor in traumatic 
shock. These authors stated that their experiments were designed to 
test the reality of a nervous faetor in traumatic shock and shed no 
light on the relative importance of this as compared with other caus- 
ative factors. They found that shock could be produced in the per- 
fused limb of the cat separated completely from the general circulation 
and communicating with the body only by means of its nerves. While 
this result agreed with that of 0 ’Shaughnessy and Slome (1935), un- 
like these British authors. Lorber and associates found that deep an- 
esthesia favored rather than hindered the development of shock. 

The recent report of Freedman and Kabat (1940) tends to confirm 
that of Lorber, Kabat, and 11 el to (1940) that, the nervous factor is 
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0 Shaughnessy and Slome concluded from these experiments that 
toxins do not play a marked role in traumatic shock. They then con- 
tinued with: 


B. Experiments to Determine the Extent of Fluid Loss by.— 

1. Bisection Experiments: In twelve cats the excess weight on the 
traumatized side averaged only 32 per cent of the calculated blood vol- 
ume. Since some cats developed shock with only 20 per cent fluid loss, 
they argued that there must be some additional factor. 


C. Experiments to Test the Importance of the Nervous Factor . — - 

1. Shock will occur even if the arteries to a traumatized limb are 
ligated. Previous workers had argued from the lack of shock after 
artery ligation that fluid loss is the dominant factor in shock. Because 
of lack of knee jerks in such a preparation, 0 ’Shaughnessy and Slome 
refer to it as an “anemic limb” and postulate that the accompanying 
possible anesthesia may explain the lack of development of shock. If 
such a limb is perfused with the blood of a second cat, the first eat will 
develop shock after trauma. This shock is accompanied by a decreased 
bleeding volume and is apt to be fatal. This experiment is used to favor 
the nervous theory. Aside from its complexity, its chief objection is 
that the donor eat died before the traumatized animal. 

2. Nerve Blockage Experiments: Blockage of nervous impulses by 
(1) nerve section, (2) spinal cord section, (3) spinal cord destruction, 
and (4) spinal anesthesia indicated that these procedures helped to pre- 
vent shock. 

0 ’Shaughnessy and Slome concluded from these studies: “A tox- 
emia due to elaboration of histamine or any other depressor substance 
manufactured in the traumatized area, plays no part in the syndrome 
of traumatic shock. We regard the two remaining factors, local fluid 
loss and the discharge of nociceptive nervous stimuli, as the effective 
etiological agents. The evidence does not allow us to dogmatize as to 
the relative importance of these factors, although we are inclined to be- 


lieve that the nervous factor dominates the picture. ’ ’ 

Three years later, Slome and 0 ’Shaughnessy (1938) extended these 
experiments, and in addition, made records of nerve action potentials, 
showing them to be markedly exaggerated in the afferent nerves com- 
in«- from a traumatized limb, even though the trauma had been pro- 
dviced some time before. These latter observations of Slome and 
0 ’Shaughnessy were not confirmed by Cressman and Benz (1939), who 
found no consistent increased barrage of nerve impulses in the nerves 
, ^ traumatized limb in an anesthetized animal. They occasional!}' 
°* * increased nerve impulses in nerves of untraumatized as well as 
toiim extremities. Those present in shock may be due to im- 

traiuna tactile and proprioceptive endings. In addition, these 
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THE FIFTIETH ANNUAL MEETING- OF THE "WESTERN 
SURGICAL ASSOCIATION, EEC. 6 AND 7, 1940, 

TOPEKA, KAN. 

James S. Hibbard, M.D., Wichita, Kan. 

T he Western Surgical Association held its fiftieth anniversary meeting on Dec. 6 
and 7, 194:0, The scientific sessions were held at the Topeka Municipal Auditorium 
and the other events were held at the Hotel Jayhawk. 

Herbert H. Davis, Omaha, Nob.: Cystic Disease of the Breast. A Critical 
Review. — The author opened his paper by reviewing different etiological theories. 
The endocrine factor is most popular. Davis believes that it is due to an abundance 
of the gonadotropic factor of the pituitary at the time when the ovarian factor is on 
the decrease, because most cases occur between 35 and 50 years of age, at which time 
the ovarian hormone decreases. He does not feel that the cystic type is important as 
far as a tendency to develop malignancy is concerned, but that the adenocystic type 
is important in tills respect. His cases showed a greater occurrence of carcinoma 
than other reports in the literature. He found cystic disease distant from the car- 
cinoma in numerous cases of carcinoma of the breast. Also, cases of cystic disease 
which later developed carcinoma were cited. 

John Ogilvie, Kansas City, Mo., stated that he bad relieved symptoms with 
estrogenic substance in large quantities, but, if the breast was removed later 
and examined, the pathologic changes were the same as if no estrin had been 
given. O, J. Campbell, Minneapolis, Minn., still feels that cystic disease is not 
a precursor tp carcinoma except possibly in a few of tbe adenocystic cases. He 
said that two more of his previously reported series of 294 cases had developed car- 
cinoma. Now a total of 5 have developed cancer. 

Paul B. Magnuson, Chicago: Joint Debridement; Surgical Treatment of Cer- 
tain Types of Arthritis. — The author stated that early stages of arthritis should 
bo relegated to the medical service, while complications should be considered surgical. 
Marked changes in tlie joints are caused by wear and tear and overstrain. Toxemia, 
infection, and metabolic processes are only contributing factors. He showed some 
interesting experiments on dogs which demonstrated that cartilage never heals from 
sido to side, but that, if an area is gouged out leaving normal edges surrounding the 
area, no disability results. Activity is necessary to produce a degenerative type of 
arthritis. 11c showed films demonstrating severe joint injury with no arthritis in 
contrast to mild joint injury which allowed the patient to use the joints and ulti- 
mately to develop arthritis. He showed cases with narrow joints with spurs and 
irregularities which lie had operated upon with excellent results. He stated that all 
pathologic areas must be removed, allowing ttbroeartilage to fill in and leave a good 
joint surface, lie stressed the fact that it was not necessary to do a synovectomy. 
Early motion was recommended. 
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of considerable importance in traumatic shock. Traumatizing the 
hindlimbs of cats in a way to minimize fluid loss, shock still resulted. 
The average fluid loss in the traumatized limb was 0.85 per cent of 
tiie body weight. The means used to keep fluid loss at a minimum was 
to elevate the limb and keep it bandaged with three layers of adhesive 
tape. These authors found, in addition, that chloralose given following 
the trauma greatly increased the susceptibility of the animal to 
traumatic shock. Shock was effectively prevented in such experi- 
ments by preliminary transection of the upper lumbar spinal cord. 
Adrenalin produced a greater rise in blood pressure during shock than 
before trauma, except just before death when the response of blood 
pressure to adrenalin suddenly disappeared. Finally, as a result of 
this observation, these authors concluded: “No evidence was found 
to support the theory that hyperactivity of the sympathetic nervous 
system is responsible for the type of shock resulting primarily from 
afferent nerve impulses.” 

Yolpitto, Woodbury, and Hamilton (1940) have shown that the ar- 
terial and venous pulse contours differ radically in cases of hemorrhage 
or traumatic shock as opposed to shock of neurogenic origin. Leveuf 
(1940) stated that in shock there is a relative overaetion of the vagus 
and underaction of the sympathetic nervous system. This is, of course, 
contrary to practically all other published reports. The fact that 
Fender (1937) stimulated the splanchnic nerves of dogs for eight 
hours a day, six days a week, for five and one-half months without 
producing any lasting effect on the resting level of blood pressure 
might be an argument against the nervous theory of shock. 

(To he continued in the March issue. The references will accompany the last part.) 



REVIEW OP RECENT MEETINGS 


297 


Verne C. Hunt, Los Angeles, mentioned the large volume of pancreatic juice 
that drained from a pancreatic fistula in one of his eases (1,630 c.c. during twenty- 
four hours). 


John M. McCoughan, St. Louis: Pancreatic Pistula: Clinical and Experi- 
mental Observations. — Six cases of pancreatic fistula were reported, 2 of which 
resulted from external trauma, 3 from injury at operation, and 1 from acute pan- 
creatitis. In 1 case the fistula was transplanted to the stomach with a successful 
result. In 3 cases the fistula closed spontaneously. Irradiation of the pancreas by 
x-ray was tried in 1 case, but it did not cause the fistula to close. Observation showed 
that, although there was an increased flow following the intake of water, peptone, 
and protein, a fatty meal produced the greatest increase in secretion from the fistula. 
Glucose and atropine decreased the secretion, and epinephrine stimulated the How. 


Prank L. Meleney, New York City: The Historical Aspects of Surgical Infec- 
tions. — Meleney reviewed the history of surgical infections from antiquity up 
to fifty years ago. The prevention of putrefaction' was studied before its cause was 
known. The use of carbolic acid as an antiseptic was suggested by the fact that it 
deodorized the sewerage of certain towns in England. In 1867 Lister stated that for 
six years he had taught that bacteria was the cause of suppuration. In 18S1 the 
principles of Lister were accepted in England, but in 1882 the majority of the mem- 
bers of the American Surgical Association were still anti-Listerian. No detailed 
description of hospital gangrene is to be found in Lister’s publications apparently 
because It was so common and everyone was so familiar with it that a description was 
considered unnecessary. Hospital gangrene appears to have been used to describe 
various degrees of acute and chronic infections. Meleney thinks that bacteriology in 
surgery has not had the attention it should have from surgeons. 


Waltman Walters, Bocliester, Minn.: Carcinoma of the Stomach. — The author 
reviewed all the cases of carcinoma of the stomach seen at the Mayo Clinic since 
190S. Twenty-five per cent of all cases gave an ulcer type of history. Eighty per 
cent had been treated previously by medical regimen for ulcer with relief. Consider- 
ing those cases in which resection was carried out, 75 per cent gave positive x-ray 
evidence of carcinoma, 10 per cent were reported as benign ulcer, and 11 per cent were 
found to be operable after being reported inoperable by x-ray examination. Fifty- 
eight per cent of the total number were operated upon, 15 per cent were just ex- 
plored, and 26 per cent of the total were resected. There was an average mortality 
of l(i per cent in all resected cases. Twenty- five per cent survived ten years; 15 per 
cent, fifteen years; and 10 per cent were living twenty years after operation. A 
significant finding was the fact that, when the survival curve for these patients was 
plotted, it was parallel after six years with the expected mortality curve for the 
same age, indicating that a patient who has survived six years after resection for 
carcinoma of the stomach rarely lias a recurrence. Walters wished to emphasize that 
a high percentage of cases present typical ulcer histories and that only a short 
medical test period (three weeks) should be used. 

E. Eric Larsen, Los Angeles: 230 Patients Subjected to Gastric Resection by 
60 Surgeons. A study of the records of 230 patients from three hospitals on 
whom u partial gastrectomy had been done by fifty surgeons was reported. The 
diagnosis was carcinoma in S9, duodenal ulcer in 46, gastric ulcer in 70, and recurrent 
or previously operated cases, 31.* Beicliel-Polya procedure was done in 117, Balfonr- 
1>ol - vu iu Ilotmeister-I-’insterer (post.) in 26, IIofmeister-Finsterer (ant.) in 5, 

i'rr<V/\ IUS ° llKur '-' 3 “ re onI >' approximately correct, probably Jue to the reviewer's 
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italph G. Carotliers, Cincinnati, Ohio: Treatment of Cotton’s Type of Frac- 
ture of the Ankle. Carotliers mentioned the fact that, although Cotton’s type 
of fracture is not common, it is not unusual. He said that it is one of the most 
treacherous types of fractures, but good results could be expected to follow good 
treatment. Ho gave a description of the fracture and methods of reduction. The 
mild group with no dislocation can bo reduced with down and forward traction and 
marked dorsal flexion. The foot is held in this position and a good skin plaster cast 
is applied. The group in which there is a backward dislocation of the astragalus with 
a more marked deformity may be treated in a like manner, but there is a tendency 
for a recurrence of the dislocation. The group of severe fractures with both malleoli 
off presents a diilicult problem and, if reduction cannot be obtained by manipulation, 
skeletal traction should be applied through the os caleis. In about ten days a skin 
plaster cast may be applied. Absolutely no motion should be permitted in the cast 
and no walking iron should be used. They are kept in plaster eight weeks, followed 
by' an elastic bandage. 

G. M. Morrison, Boston, pointed out that a few cases must be openly reduced. 
He described in minute detail the reduction with the warning that severe cases 
should have no weight-bearing for ten to twelve weeks. Ralph M. Carter, Green 
Bay, Wis., demonstrated his method of fixation which consisted of running' Kirclisner 
wires through the bones of the foot, through the joint into the tibia to prevent slip- 
ping after application of the cast. 


William R. Cubbins, Chicago: The Conservative Treatment of Fractures of 
the Shaft of the Femur. — A complete and detailed description was given of the 
conservative treatment used at Cook County Hospital, showing the simple Balkan 
frame and the low-hanging, large ring Thomas splint. Adhesive plaster traction can 
be used successfully but should not extend above the site of fracture. In order to 
prevent dermatitis due to adhesive plaster, the limb is not shaved. Cubbins showed 
films demonstrating the necessity of open reduction in some cases, as well as films of 
cases showing the misuse of plates, screws, etc. 


Ralph M. Carter, Green Bay, Wis., stated that he preferred skeletal traction. 
Francis E. Clough, San Bernardino, Calif., stated that slow union should not be 
classed as nonunion, that heel pain meant pressure on the tendon achilles and 
not on the os caleis, and that cutting out the plaster over the heel aggravates 
the pain. The majority of cases are nouoperative. Ralph G. Carotliers, Cin- 
cinnati, Ohio, stated that the maximum amount of weight should be used in the be- 
fl-imiin". He said that metal plates applied in transverse fractures become loose be- 
cause there is absorption of bone at the ends which produces a space between the 
bone ends and allows motion which loosens the screws. 


Thomas G. Orr, Kansas City, Mo.: Resection of the Head of the Pancreas 
and. Duodenum for Carcinoma. — The literature was reviewed, beginning with the 
o ases reported by Whipple in 1935 and including 14 cases subsequently reported. 
T C f) ’ case a cholecystectomy had previously been performed so that at the first 
1 com mon duct instead of the gall bladder was anastomosed to the stomach 
stage 1 , . oeu terostomy was performed. Throe weeks later a V-shaped excision of 
and a gas 1 j I1( ,] U( ]; n n- the pylorus aud duodenum, was performed. The patient was 

the pancreas, ^ fater, at which time a pseudocyst of the pancreas was drained 
readmitted S1X '' resu lted. This fistula was still persistent at the time of the 

and a panel ea m ^ 33.33 per cent mortality of the cases reported. Orr sug- 

report. There ^ jjp 0ca ie to prevent fatty infiltration of the liver might reduce 
gested that the use 
this mortality. 
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very important, evidenced by a mortality of only 2 per cent when only the appendix 
was removed. 

Raymond W. McNealy and Manuel E. Lichtenstein (by invitation), Chicago: 
Strangulated Femoral Hernia Sac Without Abdominal Contents.— The authors 
stated that the contents of a femoral hernia should be expected to become strangu- 
lated in a rather considerable number of eases, but that strangulation of the sac 
alone was infrequent. They reported 10 cases occurring in a series of 401 cases of 
femoral hernia. They discussed the anatomy of femoral hernias and explained that 
trauma to a femoral sac may cause inflammation with obliteration of the neck and 
accumulation of fluid within the sac. Thrombosis and edema then will produce 
strangulation. A history of trauma accompanied with pain in the groin and a tender 
discolored mass suggest this condition. 

Stuart H. Harrington, Rochester, Minn.: Diagnosis and Treatment of Sub- 
sternal Types of Diaphragmatic Hernia. — Harrington reported 4 cases of sub- 
sternal hernia occurring in a series of 270 cases of various types of diaphragmatic 
hernia. This space, the foramen of Morgagni, was described as a weak region, and 
probably these hernias are not traumatic in origin, since none gave a previous history 
of injury. Their anterior position as shown on the x-ray film would immediately 
classify them as substernal, although the x-ray films might suggest tumor. Two of 
the cases had been previously diagnosed as tumor and not until exploration was the 
true condition found. An upper abdominal approach is the one of choice. 

Warren H. Cole and R. D. Weber, Chicago: Surgical Considerations in Con- 
strictive Pericarditis. — Three such cases were reported, 2 of which were operated 
upon. In 1 of the operated cases the results were good after a rather prolonged con- 
valescence. The other case developed severe myocardial decompensation and died post- 
operatively. Diagnosis may be confused with cardiac failure and cirrhosis of the 
liver. First the patient complained of general weakness, dyspnea on exertion, ascites, 
and edema of the extremities. The electrocardiogram showed an eversion or flat 
T-wave. There was a high pulse pressure, circulatory delay, a blood volume above 
normal, and a low cardiac output. A small heart shadow with restriction on the 
right and left side is very significant. There is a 30 per cent mortality from opera- 
tion, and, although the results are good, recovery is slow. 

Stuart Harrington, Rochester Minnesota, in discussing Cole and Weber’s paper, 
stated that too much emphasis on a small heart may lead to difficulty, and demon- 
strated cases with normal-sized hearts. Also, he thought it extremely important that 
i out of 9 cases at the Mayo Clinic presented areas of calcium deposit as seen on 
the x-ray film and at operation. 

Loyal Davis and John Martin, Chicago: The Surgical Problem of Unilateral 
Exophthalmos. — Martin presented the paper, confining his remarks to those cases 
caused by tumors and arteriovenous aneurysms. He stated that the intracranial 
tumors most commonly found were meningiomas of the greater wing of the sphenoid, 
which at times were extremely vascular and difficult to manage. When due to menin- 
giomas, pulsating exophthalmos is not present nor are superficial dilated veins neces- 
sarily seeu. Cranial nerves most commonly involved are the tlrird, fourth, and sixth. 
Hie x-ray findings are generally very helpful. An enlarged optic foramen is caused 
by glioma of the optic nerve as well as by meningioma, but there is an absence of 
bone erosion in the former. In the aneurysmal cases one sees the characteristic 
pulsating exophthalmos with a bruit, a thrill, and a dilatation of the peripheral 
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Billroth I in 3-1, Billroth XI in IS, sleeve resection in 7, and total resection in 7 
eases. The mortality for the series was 33 per cent. The mortality for resection in 
duodenal ulcer was 21 per cent. Larsen stated that the highest mortality followed 
operations by surgeons of inadequate experience and training. Since his study had 
been reported in stall meetings of the three hospitals, the mortality has decreased to 
9 per cent. 

Arthur E. Metz, Chicago: Obstruction of Stomach Due to a Congenital Mucosal 
Cyst. The case reported is the only one in which two complete septa have 
been found. No similar case is reported in the literature. One septum was pre- 
pyloric and the other midgastrie. The patient was a Jewish male infant. Continuous 
vomiting was present and a mass could be felt. At operation, after the cyst was 
entered, openings were made in the stomach proximal to the upper septum and in 
the duodenum below the lower septum. There was no tract around the cyst. Radial 
incisions wero made in the septa and a catheter was left in the duodenum for feeding 
purposes. Microscopic sections through the septa demonstrated normal mucosa. A 
gastrointestinal series disclosed a normal stomach and duodenum three years later. 

Erwin E. Schmidt and F. E. Mohs, Madison, Mis. : The Chemosurgical Treat- 
ment of Cancer, a Microscopically Controlled Method. — The authors described a 
method of removing cancer under what they term microscopic visualization. It is 
made possible by using a technique for producing a fixation of tissue in situ, by the 
application of zinc chloride, so that when excised the base of the mass may be 
studied serially under the microscope. Areas that are positive are again treated with 
zinc chloride, removed, and studied microscopically until an entirely noncancerous 
layer is obtained. They reported 140 cases which were so treated and which were fol- 
lowed for from one to four and one-half years with 93 per cent free of recurrence 
at the site of the primary lesion. They point out that, regardless of the grade of 
malignancy, this treatment can be used. 

Vernon David, Chicago, stated that, although chemotherapy has been used 
for ages and has been condemned by the medical profession, tliis method should be 
given a trial under the strictest conditions and reported on at a later date. 

James F. Percy, Los Angeles: Advanced Cancer of the Nose and the Accessory 
Sinuses; Treatment by Actual Cautery. — Percy gave a description and showed 
pictures demonstrating Iris technique used in treating advanced cancer of the sinuses. 
Entrance into the maxillary sinus was made through a U-shaped incision over the 
sinus. The malignant growth was destroyed by actual cautery. He showed some cases 
in which it was necessary to extend through the dura into the brain tissue. For the 
prevention of meningitis he left a charred sponge closely adhering to the dura or 
brain tissue. 

Carl E. Black, Jacksonville, III.: Three Thousand Appendectomies. — James F. 
Percy, Los Angeles, read Black’s paper concerning an analysis of 3,315 appen- 

tornias by the staff of Passavant Memorial Hospital, Jacksonville, 111., which repre- 
CC ° the wor j i done in one small hospital by many surgeons. The first part of tho 
sen . e n9 c ’3-1931) showed a mortality of 5 per cent compared to a 4.48 per cent 
P erl ° f t i ie second period (1931-1939). The mortality varied considerably ac- 
morta y or sur g eon . Operator U. had a mortality of G.S per cent in 

cording o 1 ^ Operator AV-I ’s 0.7 per cent mortality in 274 cases. In scek- 

831 cases m co ^ ^ jgj ier mortality in the first period, the following were considered 
ing a reason or ^ diagnosis, delay in treatment, and inadequate pre- and post- 
important: de ay sur gery at the time of appendectomy was considered 

operative treatment. Muir P 
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were preseat, and a mass was felt in 72 per cent. Parr manipulation was done m 
all eases (air inflation with belly open) and it was successful in 83 per cent. Two 
cases were operated upon by the technique of Montgomery. In 4 eases excision was 
done, 3 with lateral anastomosis and the other with end-to-end anastomosis. Ileostomj 
was done in 3 cases followed by death, Ireland proposed a new procedure which con- 
sisted of injecting glycerin between the intussuscepiens and intussusception followed 
by gentle manipulation of the finger between the two. Two severe cases have been 
reduced in this manner. 

Edwin M. Miller, Chicago, discussed the papers on intussusception, and stated 
that only when more cases are treated by the procedure described by Ireland 
(glycerin injection and manipulation) could its value be ascertained. In his own 
58 cases 19 were extremely difficult to reduce. In 10 it was impossible to reduce the 
intussusception. Pive of this group recovered after extensive resection (exterioriza- 
tion). He advised placing patients on their abdomen until ready to close the 
ileostomy. Stanley J. Seeger, Milwaukee, Wis., discussed 60 cases from the Mil- 
waukee Children’s Hospital which showed a 33 per cent mortality, although there 
has been a decrease in late years. The decrease, he thought, urns due to better 
pre- and postoperative treatment and the fact that all cases are now having im- 
mediate operation. George Packard, Denver, Colo., reported cases from the Den- 
ver Children’s Hospital, with the remarkably low mortality of 6.6 per cent in the 
last five years. Considerable influence in keeping this mortality rate low was 
thought to be due to the use of postoperative suction. 

Frank C. Mann, Eochester, Minn.: Experimental Studies in Motor Mechanism 
of the Intestine. — Different types of exteriorized bowel loops were discussed and 
the importance of a loop covered by skin was emphasized. Different levels were 
studied. Alvarez’s theory was demonstrated in that higher segments of bowel show 
a greater rate of activity and the rate is decreased progressively as the cecum is 
approached. Definitely increased motor function followed feeding and was not af- 
fected by section of the vagus. There was a definite decrease on fasting. Liquid 
food increased activity, but activity was more marked and lasted longer with solid 
foods. Peritoneal irritation (Lugol’s solution as irritant) inhibited motor activity, 
but not after both splanchnics were severed. Motor activity was not affected by gall 
bladder distention. Cascara affected activity very little, but magnesium sulfate pro- 
duced a marked disturbance of all activities. Ether and operative exposure caused 
almost a complete secession of motor activity for about four hours. Activity de- 
creased after enemas. 


Charles Puestow, Chicago, stated that he had had an opportunity to study a 
human bowel loop covered by skin and it had reacted the same as does that in the 
dog. 

Maurice Kahn, Los Angeles: Surgical Treatment of Ulcerative Colitis. — 
Kahn described tiro pathology of this disease, citing as complications perforation, 
abscess and fistula, hemorrhage, stricture, and, rarely, thrombophlebitis. Ho said 
that polyposis occurred in 33 per cent, which tended toward carcinomatous degenera- 
tion. Ninety-five per cent of the cases finally showed extension to the ileum. He felt 
that about L’.i per cent of the cases were surgical. Ileostomy should be used at 
Lines in the acute fulminating type and the results and mortality would be much 
better it used earlier. CVcostomy and appendeeostomv were found to give poor 
results. Ill the chronic intractable type complete colectomy should be used before 
t u> picvKiusly Stated complications occur. Six cases wore reported. In 2 ileostomy 
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veins. The cause of the exophthalmos is thought to bo due to a reversal of blood 
How in the ophthalmic vein with stasis and hyperplasia of the orbital contents. There 
aio no x-ray changes soon in cases of aneurysm. Treatment of tumor eases consists 
of a trausfrontal excision which may be difficult duo to vascularity. In arteriovenous 
aneurysms ligation of the common and external carotid arteries is the procedure of 
choice, although sometimes it is necessary to ligate the internal carotid intracranial!) - , 
distal to the aneurysm. 

Prank it. Teachenor, Kansas City, Mo., described 1 case in which he used 
a lateral approach to remove a meningioma and reported 3 cases of aneurysm. 
Alfred W. Adson, Rochester, Miun., showed 1 case in which the internal carotid 
was ligated intraeranially and the ophthalmic artery obliterated with a silver clip, 
because there had been a recurrence after previous ligation of the carotid artery in 
the neck. 


James Barrett Brown and Trank McDowell, St. Louis: TUe Late functional 
Results Obtained by the Tree Skin Grafting of Burns. — Brown showed by 
motion picture films his remarkable results in severe burns, especially on the neck. 
After extensive excision of scar tissue from the neck, full thickness grafts were ob- 
tained from the abdomen and in numerous cases tire whole front of the neck was 
restored with one graft. The donor site was covered with a split graft from the 
thigh. 

Earl Padgett, Kansas City, ICo., discussed Brown’s paper, stating that he is 
using the calibrated skin grafts almost entirely and feels that his results are much 
better and that much time is saved. 


Verne 0. Sunt, Los Angeles: Hemangioma of the Large Bowel. — Hunt re- 
ported a case of hemangioma involving the entire rectosigmoid, the rectum, and tire 
uterus treated by a two-stage (Lahey) abdominoperineal resection and hysterectomy, 
with excellent results. The patient’s symptoms of bloody stools with an occasional 
massive hemorrhage and secondary anemia dated back twenty-one years. Hunt 
stated that IS cases had been reported, 20 involving the colon and 2S involving the 
rectum. These varied from small capillary nevi to cavernous hemangioma. 


Everett P. Coleman, Canton, 111.: Recurring Jejunal Intussusception. — The 
rarity of the condition was discussed by Coleman, who estimated that jejunal intus- 
susception occurs in about 0.9 per cent of all intussusception cases. He discussed the 
general symptoms and classifications of intussusception and proceeded with the his- 
tory of Ms ease, which was of six years’ duration. The patient had attacks of ab- 
dominal pain, nausea, and vomiting, which became more frequent. Barium studies 
failed to disclose the lesion present. Transnasal duodenal suction was used in prepara- 
tion for surgery. At operation a large blue mass was found beginning 10 cm. below 
tlre ligament of Treitz. It was resected and an end-to-end anastomosis was done. 
The intussuseepted bowel consisted of nine layers and measured 0 feet, 10 inches in 

length. 


Ireland Chicago: The Treatment of Intussusception. — The 133 cases 
a ^. ^ ^ children's Memorial Hospital, Chicago, from 1920 to 10-10 were 

occurring^ ^ ten-year periods. The first period revealed a 41 per cent mortality in 
divide i - ^ p er cent mortality in the TO cases of the second group. 

5i cases as coul 5h^ were diagnosed within the first twenty-four hours, 22 par cent 
Ninety-one per ee p ourg) S per cent the next twelve hours, and 27 per cent over 
within the nex we _ vomiting occurred. In 49 per cent bloody stools 

seventy-two hours. In 9 - 



REVIEW OF THE SOUTHERN SURGICAL ASSOCIATION 
MEETING, DEC. 10, 11, 12, 1940, HOT SPRINGS, VA. 

Ambrose Storck, M.D., New Orleans, La. 

(From the Department of Surgery, Tulane University of Louisiana 
School of Medicine) 

T HE annual meeting of the Southern Surgical Association was held Dec. 10, 11, and 
12 at the Homestead Hotel in Hot Springs, Va. Of a total of forty listed papers, 
thirty-eight were presented. 

1. Grover 0. Penherthy, Detroit, Mich.: Chemotherapy as an Aid in the Treat- 
ment of Osteomyelitis. — Statistics show a lowering of the incidence of osteo- 
myelitis in recent years, possibly the result of improved nutritional status in the 
underprivileged class. The present report is based on nineteen cases, with treatment 
and conclusions as follows: Sulfanilamide is not effective in staphylococcal infec- 
tions. Sulfapyridine, along with blood transfusions, gave encouraging results. Sulfa- 
tliiazol, although not more effective, was found to be better tolerated than sulfa- 
pyridine, and for this reason is preferred. Even though high blood concentration 
levels were maintained, untoward results from sulfathiazol were not frequent or 
serious. One and one-quarter grains per pound of body weight were given over 
a twenty-four-hour period at four- to five-hour intervals, and tho dose reduced 
as clinical improvement occurred. Large initial doses were not given. Recently, 
following saucerization in chronic osteomyelitis, cavities have been packed with 
sulfathiazol powder. The value of local use of tho drug in compound fractures 
was referred to. Of the author’s eases, 50 per cent had positive blood cultures, most 
frequently staphylococcus, but, in some instances, hemolytic streptococcus. Chemo- 
therapy has considerably reduced the period of hospitalization, as well as the incidence 
of secondary or metastatic abscesses. Hone of the author’s cases had involvement 
of other bones after chemotherapy was started. Deformities as well as mortality have 
been reduced by this form of treatment. 

Discussion: Prank D. Dickson, Kansas City, Mo., cited his experience with 
chemotherapy in twelve cases of osteomyelitis, some of which were acute. In addi- 
tion to early operation he placed sulfathiazol powder into the wounds, which were 
then closed. The drug was also given for twelve days by mouth. All healed, with 
no mortality. 

2. Prank D. Dickson, Kansas City, Mo.: The Surgical Treatment of the 
Arthritic Patient. — This presentation was in the form of a moving picture accom- 
panied by remarks by tho author. Tho persistent deformities which constitute 
economic and emotional adjustment problems wore discussed. Of the approximately 
1,000,000 cripples in tho United States, some may be relieved by surgery. Surgical 
intervention may be indicated for: (a) incapacitating disability and (b) re- 
moval of a focus which is propagating tho disease. It was emphasized that an in- 
fected synovial membrane may act as the focus of infection. In twenty-six cases in 
which synovectomy was performed, twenty-two cases were definitely relieved. In 
rheumatoid arthritis tho operation must be delayed until tbo quiescent stage; 
whereas, in hypertrophic arthritis operation can bo done at any time, because there 
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was done, in 1 an ileo-sigmoidostomy, and in 3 total colectomies. The second stage 
had just recently been done in another case. 

In discussion, Frank Meleney, New York City, roported good results by the use 
of zinc peroxide (10 per cent) in polyvinal alcohol (2 per cent) for irrigations. Best 
results were obtained when fed through a cecostomy. 

William J. Carson, Milwaukee, Wis.: Transplantation of Fascia Lata in 
Cystopexy. — A case was reported which had a complete prolapse twenty-one 
years following a total hysterectomy. A free graft of fascia lata was cut to fit the 
pubic arch, being anchored to tho symphysis pubis, the descending ramus of the 
pubis, the ramus of the ischium, the tuberosity of the ischium, and the base of the 
broad ligament on each side. The results were good four and one-half years post- 
operatively. 
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of England and France to make a better showing in the present war in Europe was 
due to their neglect in the use of the most modern 'types of transportation. J. M. T. 
Finney, Sr., Baltimore, reflected on the woeful unpreparedness of the United States 
at the time of its entry into the World War of 1914-191S and was impressed by 
present plans for preparation. He said that had it not been for efficiency, self- 
denial, and consecration in the last war on the part of the medical corps personnel, 
soldiers would not have fared so well. Raymond T. Sullivan, New York City, echoed 
Finney 's remarks and laude.d the work which is being done in the education of the 
medical personnel. Arthur Shipley, Baltimore, agreed with Mister in regard to 
the military importance of caring for great numbers of relatively minor casualties 
rather than devoting much time to the hopelessly injured cases. He cited the fact 
that there is at present no communication zone; everything is combat zone. The 
mobile hospital unit which has been tried in peacetime maneuvers, lie felt, would 
be suitable for use dose to combat zones. 

4. Irvin Abell, Louisville, Ky.: Medical Preparedness. — Abell reviewed the 
work on military preparedness being done by the American Medical Association. 
He discussed the need for supplying qualified physicians to industry, and referred 
to the need for assuring adequate care of civilian population while at the same 
time supplying the personnel required for military service. The provisions of the 
selective service act were considered, including that desirable feature whereby 
deferment might be obtained to avoid interfering with the training of men for 
future military or civilian requirements. Medical men within the draft ages, he felt, 
should apply for a reserve officer's commission, as otherwise they might have to do 
preliminary service as an ordinary enlisted soldier. The work of the National Defense 
Council and the Health and Medical Committee was outlined. 

5. Alfred Blalock, Nashville, Tenn.: Blood and Blood Substitutes in the Treat- 
ment of Shock. — In secondary or hematogenic shock, associated with reduced blood 
volume, blood and blood plasma are of great value in treatment. Salt solution 
infusions are unsatisfactory because not only does the salt solution leave the 
circulation, but blood proteins are carried out also. When plasma, blood, or serum 
is used in the presence of increased capillary permeability, such a marked out- 
pouring of blood proteins does not occur. For blood transfusion the vacuum bottle 
method was considered superior, because of its simplicity and because contamination 
can easily be avoided. In discussing the use of plasma, Blalock said that, although 
liemoconcentration is usually present in shock, the bad effects of hemoconeentration 
liavo been overestimated, especially if blood volume is maintained. A given quantity 
of plasma causes a greater increase in osmotic pressure than does an equal quantity of 
whole blood. Plasma can be stored more easily than can whole blood and the danger 
of reaction is loss, especially if the plasma is pooled in order to decrease the con- 
centration of agglutinins. Methods for the preparation of clear dilute plasma 
and dried plasma were described. Some workers prefer dried serum, while others 
believe that liquid plasma and dried serum are equally good. The preferences of 
various armies in respect to blood or blood elements were, cited; i.e., the Eussian army 
uses whole blood, the German army uses whole blood from universal donors only, the 
British army prefers liquid plasma. 

Discussion: Roy D, McClure, Detroit, discussed a method for concentrating 
blood or plasma. It was found that, when blood is placed within a cellophane 
container, the volume of the blood is decreased, and it occurred to Hartmann that 
this method could be used for concentration of plasma. By this method, dry 
plasma can lie rapidly produced. It is possible to produce dried plasma in four 
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surgical procedures, i.e^tmnLdallo m " vlUff J,icl,,rt; illustrating synovectomy, otter 

were illustrated and discussed. The use^H vlM? arthr ° plaSty ' and att, ‘ r °^k 
roferred to. A Mtalhum cap m hip arthroplasty was 


Discussion: Charles S. Venable 

vitallium caps in arthronlastr tr»'i " W ’ u - v v elaborated on the use of 

head of the radius and Another o a ca P "*«* has been devised for the 

Chicago, discussed 'the effect of repeated' ^ PaUl * Ma ^ s “ a > 

the full evolution and maintenance of both dest r 7 * rthntic excrescences, in 
hypertrophic arthritis. He lias done ioint ° r rlleumafoid arthritis, and 

and thickened tissues. Ail c t , * 62 ~ing rough 

Hdgcs caused by removal oTc rn T Z ' t0 ba ’' C Md bIeedin S b«ne. Any 

t,„ srsx *■ pmM ,o “ ,e 

<. i.“ ,r s - Me “ s “”“ 

outimed. These problems mere divided into two main categories ■ ie M the 

risr vr- 1 -r ■«* « «» « z,z 

uursing personne! r “T** h ° SpUal fa «^ies, and for medical and 

tion of various societies lscusse ; Appreciation was expressed for the coopera- 
Plan Dvli’ lmU ; ei ' Sl , tleS ' Md ° ther ^ies which are concerned in the 

p ™7Tf,2,f ~ “ c ““' u ”" - *"«*• ft. 

with . t.t.l ted Wa«7S“soi”S ““T 

nnn»ln.Hm> i i ’. ’ pioude for o per cent of the military 

population. General hospitals, with a total bed capacity of 14,000 will provide 

for an additional 1 per cent of the military population. Reserve depots for medical 
supplies have been provided. The organization and activities of the National Health 
and Medical Committee were outlined. The National Research Council facilities have 
been made available, and at present there are • 

... ... ... ^ , e are seven “am committees actively func- 

tioning; i.e., the committees on chemotherapy, medicine, surgery, aviation medicine, 
transfusion surgical specialties, and neuropsychiatry. There is also a committee 
on information, and many subcommittees. 


Discussion: Charles Mater, Boston, discussed the care of serious casualties 
in advanced areas. Many cases of head, chest, and abdominal injuries are det- 
rimental to military operations and should not be operated upon at advanced 
hospitals. Civilian surgeons are likely to be forgetful or to overlook the importance 
of operating upon a greater number of minor cases instead of expending fruitless 
efforts and consuming an unwarranted amount of time in operating upon hopelessly 
wounded cases. Tim transportation of the injured to base hospitals by means of 
commercial airplanes, the use of autogiro planes, and the use of the many presently 
existing landing fields, golf courses, and hikes, for the landing of planes was dis- 
cussed. Harvey Stone, Baltimore, also emphasized the importance of speed in re- 
turning men to active duty. Attention should be given to the great number of rela- 
tively minor injuries rather than focusing attention on the seriously wounded in- 
dividuals. Stone felt that the injured men would get better attention if they wore 
transferred 200 to 300 miles behind active battle zones. He felt that the failure 
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nerves. Ociisner felt that embolectomy for arterial embolism is no longer neces- 
sary, as the gangrene resulting from embolism is due to distal spasm, and this may 
be successfully relieved by sympathetic block. Incidental comment was made in 
respect to the value of sympathetic block in the treatment of thrombophlebitis and 
phlebothrombosis. John C. A. Gerster, New York City, advocated that, in order 
to avert disastrous results from secondary hemorrhage, which is likely to occur 
between the seventh and the tenth days following arterial injuries, a loose 
tourniquet be kept around the limb, proximal to the sites of infected amputation 
stumps. 

7. Parke G. Smith, Cincinnati, Ohio: Urologic Surgery.— Although no reports 
are yet available concerning urogenital injuries which have occurred in the present 
European war, a consideration, of the character of present warfare makes it possible 
to anticipate certain things which might be expected. Previous experiences and re- 
ports reveal that Go per cent of bladder injury cases died. The mortality in kidney 
injuries was 20 per cent, and even 2.5 per cent of those with wounds of the external 
genitals died. The importance of prompt evacuation to base hospitals of bladder 
or urogenital casualty cases was discussed. The differences in the present and the 
last World War were alluded to, especially in respect to the fact that at present there 
are many injuries to civilians. Injuries in modern warfare are most frequently 
due to crushing forces rather than to penetration and resemble the injuries which 
are caused in automobile accidents in civil life. In discussing the management of 
renal injuries, it was considered that in the instance of minimal or moderate injuries 
conservative treatment should be employed; when actual renal parenchymal damage 
has been done, exploration should be done, clots removed, and the kidney sutured; in 
the extremely severe injuries nephrectomy must be done. Smith referred to the 
increased number of bladder ruptures due to distention of the bladders of occupants 
of air-raid shelters, where both sexes commingle. Chemotherapy has greatly improved 
the outlook in respect to the control of infection following urologic injuries. 

8. Daniel C. Elkin, Atlanta, Ga.: Injuries of the Chest. — The narrow margin 
nf safety under which thoracic viscera functions makes thoracic injuries extremely 
sorious, and such injuries are likely to be rapidly fatal. The management of 
chest wounds includes the treatment of shock, the treatment of hemorrhage, and the 
restoration of cardiorespiratory physiology. Pleuropulmonary wounds may be open 
or closed. The open wounds are much more serious and should he debrided and 
closed. The closed wounds are less serious, and treatment should usually he con- 
servative, except in the instance of heart wounds. Depressed rib fractures sometimes 
require elevation under anesthesia. Block of the intercostal nerves, for the relief 
of pain, may he tried for the possible benefits which this procedure may afford. The 
methods for managing the following complications were discussed: pneumothorax, 
atelectasis, prolapse of the lung, empyema, hemothorax, traumatic asphyxia, ileus, and 
subcutaneous as well as mediastinal emphysema. Crushing injuries of the chest due 
to automobile accidents wero discussed, with special reference to contusion of the 
heart caused by impingement against the steering wheel. In the latter type of injury 
tho sternum and ribs may not he fractured. The treatment is entirely symptomatic. 
Approximately 2 per cent of wounds of tho chest are associated with penetrating 
wounds of the heart. Attention was drawn to the importance of the rise in venous 
pressure and the fall in arterial pressure as indicators of cardiac tamponade. Inter- 
costal thoracotomy, with removal of part of the sternum, was considered to he prob- 
ably the best approach to heart wounds. The pericardium should be loosely closed. 
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hours by this method; whereas, other methods require forty hours. The dried plasma 
is stored in the containers used for the drying process. McClure stressed the im- 
portance of beeping the dried plasma in moisture-proof containers in order to avoid 
gumminess of tho plasma. Waltman Walters, Rochester, Minn., advocated the col- 
lection of blood from recruits and civilians in anticipation of war needs. He also 
discussed the advisability of indicating the blood group of each soldier on his name 
plate, and referred to tho transportation of casualty cases by airplane, Bradley L. 
Coley, New York City, relayed English opinions in regard to blood transfusion; 
i.e., a preference on the part of some for dried serum because it keeps indefinitely 
and it does not becomo contaminated with bacteria. He reported that the British 
are using from four to six pints of plasma per case. 


C. I. A. Bigger, Richmond, Va.: Peripheral Vascular Injuries. — Bigger con- 
sidered it important that practice in arterial suture in an animal experimental 
laboratory should precede the execution of this type operation upon human beings. 
He discussed the effects of spontaneous shifting of tissue planes in effecting 
hemostasis. Operations on arteries should be avoided in the presence of infection. 
Many pulsating hematomas heal without operative intervention, and for this reason 
not all pulsating hematomas demand immediate operative exploration. When the 
circulation in a limb distal to a pulsating hematoma is good, operation may be 
delayed. Direct suture is ideal if there is no devitalized area around the site of in- 
jury, but this latter condition frequently does not exist because in modern warfare 
many of the injuries are produced by high explosive shells. Venous transplants 
have not proved successful. The local application of sulfonamide drugs in con- 
taminated wounds was advised in order to reduce the degree of infection. Regional 
heparinization was advocated and it was reiterated that silk should be employed for 
sutures. The following methods for the prevention of gangrene following ligation of 
important arteries were discussed : (a) sympathetic nerve block by novocain, before 

and after operation in elective cases, and following operation in the emergency 
cases; (b) prevention and control of infection; (c) occlusion of concomitant veins 
at the same level or proximal to the point of arterial ligation; (d) rest of the 
extremity after occlusion, with the limb placed on a level at which the veins are 
maximally filled; (e) avoidance of pressure; (f) maintenance of temperature 
at normal levels, with particular precaution in respect to the application of external 
heat; (g) passive vascular exercise by means of the glass boot for the application 
of alternating positive and negative pressure to the part was considered to be con- 
traindicated in many cases; (li) restoration of blood volume and red blood cell con- 
tent by means of transfusion; (i) the administration of oxygen by inhalation; (j) 
the administration of nicotinic acid; (k) the administration of papaverine for what- 
ever good effects this drug may exert. 


Discussion: John W. Price, Jr., Louisville, Ey., did not share the enthusiasm 
■ regard to the possibility of being able to suture vessels under conditions of 
ia ° notice During tho war of 1914-191S, however, ho did frequently have oecn- 
w ‘ lr ^ jjo-ate arteries. Ho recommended ligating concomitant veins. Deryl Hart, 
sion ^ discussed the importance of ligating arteries both proximal and 

Durham, - * ’ ^ injury. Alton Ochsner, New Orleans, La., felt that, in order 

distal to poi| f rom sympathetic nerve block for the prevention of gangrene 

to obtain u libation, this procedure should be done as early as possible, 

following ar ^ SUCCC ssful ligation of the common iliac artery by Mims 
Ochsner re ^ a ^yctic aneurysm, the success of tho procedure being 

Gage, New Or ea > preliminary blocking of tho lumbar sympathetic 

considered largely due r i 
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no. Guy A. Caldwell, New Orleans, La.: New Developments in the Treatment 
0 f compound Fractures. — Although methods for treating these injuries have varied 
within recent years, the basic principles remain the same. Advances include better 
methods for the treatment of shock, chemotherapy, roentgentherapy, better operating 
equipment, and the use of pectin-sulfathiazol jelly. Among 300 cases at the Charity 
Hospital in New Orleans, there were only twenty potentially infected cases. This 
observation was introduced to indicate how reports on chemotherapy and roentgen 
therapy might he misleading in respect to the value of these agents. It was advocated 
that bone fragments should be withdrawn into the wound when traction splints 
are applied in preparation for transportation of the patient. Present improved 
methods for treatment of shock permit earlier debridement and assure better circula- 
tion, and there aTe fewer serious wound infections. The treatment of shock, if pos- 
sible, should he done in the operating room. Caldwell felt that tetanus toxoid im- 
munization will replace the administration of tetanus antitoxin. He considered gas 
gangrene antitoxin of doubtful prophylactic value. In discussing the preparation 
of the patient for operation, he deprecated the employment of soap and water and 
advocated the use of ether and iodine. Meticulous dissection is superior to irriga- 
tion of the wound. Instillation of strong antiseptics into the wound is undesirable. 
The limb should he adequately immobilized during the period of preparation as well 
as during operation. In Spain and Finland most wounds were left open and 
the incidence of gas gangrene was extremely low. Joint wounds, however, should be 
sutured. Lacerations over subcutaneous bones should be sutured, but counterincisions 
should be made. Internal fixation should he employed only in carefully selected 
cases. Adequate immobilization with provision for access to the wound was con- 
sidered superior to encasement in plaster. The use of pectin-sulfathiazol jelly has 
yielded very gratifying results. It not only eliminates odors, but favors healing. 
In order to anticipate the development of gas bacillus infection in compound fracture 
cases, tissue obtained in the course of debridement should be sent to the pathologic 
laboratory. Zinc peroxide paste may be employed to advantage in some cases. In 
discussing x-ray therapy for gas bacillus infection, the author did not believe that 
it alone is of definite value, but he thought that it might exert an inhibitory 
action under some circumstances. 


11. Mont R. Reid and B. N. Carter, Cincinnati, Ohio: Traumatic Surgery. — 
Reid limited his comments to the treatment of fresh traumatic wounds. He felt 
that this type of surgery is more exacting than many types of elective surgery which 
are generally considered of greater magnitude. The principles of hemostasis, debride- 
ment, and rest were re-emphasized. Antiseptics were considered harmful. A good 
blood supply should be maintained, both in respect to amount and quality of the 
blood. Healthy cells have a remarkable power to combat bacteria, and healing of 
wounds is brought about by growth and activity of living cells. Early assay and 
treatment of shock are important. The author discussed in detail: (a) management 
of simple incised wounds, (b) delayed closure of infected wounds, (c) treatment of 
contaminated lacerated wounds, and (d) infected traumatic wounds. In the instance 
of infected traumatic wounds tendons and nerves are not sutured primarily. The 
wound is packed open with vaseline and plaster fixation is afforded. The author 
believes that a window should not be cut in a plaster cast because herniation due 
to edema is likely to result at the site of fenestration. If a dressing must be done, 
ho felt that the entire cast should be removed. 

Carter showed slides illustrating the types of wounds and their treatment, as 
discussed by Reid. 
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Discussion: Albert O. Singleton, Galveston, Tex., made the interesting ob- 
servation that the relative incidence of gunshot and stab wounds is related to the 
onne s atus of the negioes. In good times, when firearms are possessed, gua- 
110110 s are more common; whereas, in poor times, stab wounds are more 
requen . t present, buiiet wounds are more frequent. Singleton advocated 
avoidance of entering the pleura when it lias not been perforated, but said that it is 
important to enter the pleural cavity when it has already been perforated. Deryl 
ar , . ur am, JL C., discussed what was best to do in cases, seen two to four weeks 
after injury, in which there is an infected hematoma. In his experience he en- 
countered difficulty in attaining satisfactory re-expansion in such cases. I. A. 
Bigger, Richmond, Ya., stated that decision in regard to the proper handling of 
hemothorax is sometimes difficult. When the amount of blood in the pleural cavity 
is large, it should be aspirated, not only to relieve pressure, but also to obtain 
blood which may be employed for autotransfusion, if the case is seen within the first 
few hours following injury. When tiie amount of hemothorax has been large, air 
leplacement is advisable. Bigger expressed the belief that aspiration may be em- 
ployed to advantage in eases of heart wound tamponade, either as a preliminary 
procedure or as a definitive treatment, especially in military practice. 

In closing, Elkin agreed that he, too, had encountered cases with infected 
hematomas in which it was difficult to obtain a cure. In 1,300 cases of chest wounds 
studied by him, there has been only 3 per cent of infection. He believes that in- 
fection would be higher if all cases were aspirated or drained. Increased intra- 
thoracic pressure or definite infection, lie believes, should be the only indication 
for aspiration of the pleural space. Elkin did not agree that aspiration should ho 
done in cases of heart tamponade, as it is impossible to select the cases in which this 
will be sufficient. 


9. Vilray P. Blair, St. Louis: Plastic and Pacial Maxillary Aspects of Military 
Surgery. — The plans which were made by the Surgeon-General for the management 
of face and mouth injuries in the World War of 1914-1918 were reviewed. Many 
faciomaxillary injuries are at once fatal. In the nonfatal cases such injuries may 
exert a very harmful effect ou the morale of the injured individual, who may cause 
much expense to the government in compensation claims. For the best manage- 
ment of faciomaxillary injuries, it is oftentimes advisable to pair a dentist with 
a general surgeon. The importance of proper early treatment of these individuals 
was emphasized in order that long periods of disability and tedious multiple opera- 
tions might be averted. Blair warned against the removal of any detached bone 
and advocated its early replacement. In the instance of wounds about the mouth 
in which there has been loss of considerable substance, suture of the mucous mem- 
branes of the skin, as recommended by Tuffier, is a very good procedure. Scrubbing 
out of particles of black oil, aud picking out with a knife of black powder, at the 
site of burns shortly after injuries in which these substances have been implanted 
into the skin will prevent subsequent tattooing. 


Discussion: Robert Ivy, Philadelphia, emphasized the fact that plastic surgery 
has broad aspects and is not limited to facial injuries. He agreed that cooperation 
with the dental surgeon is necessary for the proper management of many facio- 
maxillary injuries. He stressed the following elements in the management of these 
ie arrest of hemorrhage, establishment of a proper airway, temporary 
fi^Tion of jaw fractures before an attempt is made to close the wound, provision for 
7 ‘transportation, including the placing of the patient in a face-down position 
Sate litter Apparatus was demonstrated which lias been devised for bringing 

oa a ’ forward. ■Such apparatus can be improvised by using tongue 

the upper or lover j. 

blades or wire coat hangers. 
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body armor, and showed slides illustrating body armor which lias already been 
devised as well as a suggested modification, or new type of body armor, designei 
to afford maximum protection with minimum increased weight. Of the prophylactic 
measures for the reduction of the serious consequences and complications of abdominal 
injuries, some may be instituted beforehand, while others are applicable after injury 
is incurred. Measures which may be employed before injury is incurred are con- 
cerned with reducing the incidence of severity of peritonitis resulting from perfora- 
tion of the hollow alimentary tract viscera. In this connection the author discussed 
the possibility of administering sulfanilylguanidine for the purpose of accomplish- 
ing relative sterilization of the gastrointestinal contents, as well as transforming 
the intestinal flora by means of preliminary administration of cultures of lacto- 
bacillus. Measures which may be employed after injury is incurred are concerned 
with avoidance of delays in transportation, the use of motorized mobile hospital 
units, the application of improved methods for the treatment of peritonitis and 
wound infection, and the employment of new methods for the study and treatment of 
shock and hemorrhage. A mobile shock cart, which consisted of a compact arrange- 
ment of the apparatus and materials used in the modern study and treatment of 
shock and hemorrhage, was illustrated. 

14. Owsley Grant, Louisville, Ivy.: The Use of Air Pyelogram in Diagnosis. — 
The use of gas or air as a medium in pyelography is not new. Difficulties following 
the use of air have been due to disregard of the fundamental principles of the 
method. Air embolism can be wholly obviated. Following a description of the 
method, the author reviewed the contraindications, which consisted essentially of: 
(a) conditions under which retrograde pyelography would be inadvisable and (b) 
frank renal hematuria. The air method is of inestimable value in accurately and 
positively locating the position of small stones or fragments of large stones. There 
have been no untoward effects in the author’s experience, and postoperative reactions 
have been less than when other media have been employed. 


15. J. Garland Sherrill, Louisville, Kv.: The Management of Bilateral Renal 
Stones. — The author presented a historical resume concerning stones of the urinary 
tract. It is frequently difficult to decide upon the best method of managing bilateral 
stone cases. Some writers advise operating upon the side of the least damaged 
kidney first, while a contrary procedure is advocated by others. Complications 
are more common in bilateral calculus cases. The efficiency with which the remain- 
ing kidney takes on the function of the one which has been removed was discussed. 
Patients who have had bilateral stones must be advised to live in a manner which 
minimizes any deviation from the normal. 


In discussing the last two papers, Thomas S. Cullen, Baltimore, cited some per- 
sonal experiences as a sufferer from stones. Henry D. Pumiss, Mew York City, 
spoke favorably of air pyelography, especially when it is desired to do a pyelogram 
with a patient in the erect position. He believes that carbon dioxide is safer than 
air. Irvin Abell, Louisville, Ivy., stated that so far no studies made have 
elucidated the formation of renal calculi, and for this reason a rational method 
of treatment has not yet been evolved. Abell cited that calculi are unilateral in 
"o per cent of cases and bilateral in ffo per cent of cases. In bilateral eases tlie stones 


may be ot equal size, or the stone on one side may he much larger than the one on the 
other side. He favors removing first the stone on the side showing the greatest 
Inaction. When large calculi are present on both sides, it may be better to avoid 
any surgical intervention. Lawrence R. Wharton, Baltimore, believes that opera- 
tion should lie done if possible, even when large stones are present on both 
Miles. He emphasized conservatism in respect to performing nephrectomv. 
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12. C. C. Coleman, Richmond, Yu.: War Wounds of the Nervous System. — In- 
formation is aot yet available in regard to the present rvar injuries of the nervous 
system. Injuries of the nervous system were classified. Improved results in the 
management of these injuries must depend on elimination of delays and institution 
of treatment and in the standardization of the methods of treatment. The serious 
associated injuries frequently present in modern war injuries are responsible for many 
of the fatalities. Prompt evacuation and transportation, even by airplane, would 
be helpful in reducing the morbidity and mortality associated with nervous system 
injuries, but it should be borne in mind that patients with open wounds of the 
skull do not tolerate altitudes above 5,000 feet. Delayed complete treatment at a 
base is better than treatment at advanced posts, unless the facilities at the latter are 
unusually good. The employment of suction apparatus and electrosurgieal units in 
tire debridement of brain wounds was discussed. At times, head injury eases may be 
operated upon to advantage as late as forty-eight hours following injury. Unsutured 
scalp wounds at times may be packed with vaseline. Coleman felt that no attempt 
at chemical disinfection by means of antiseptics should be made. In the instance 
of spinal cord injuries, associated abdominal injuries or urinary tract infections 
frequently are responsible for death. The hopelessness of many spinal cord injuries 
was discussed; in many such eases operation must consist entirely of removing foreign 
bodies and affording drainage of infected areas in the overlying soft parts. In the 
management of bladder paralysis, suprapubic cystotomy is the treatment of choice, 
especially in war practice. Peripheral nerve injuries constituted 4.5 per cent of all 
casualties in the past war. Many of these eases were operated upon late, and recovery 
of function was very incomplete in most instances. The employment of chemotherapy 
for the purpose of retarding or preventing infection offers encouraging possibilities, 
and results at present should be better than in the World War of 1914-1D18. Primary 
nerve suture should be done whenever possible. Autogenous nerve grafts were un- 
successful in the last war in all cases the author had an opportunity' to observe. 
The use of fibrin as a means of maintaining nerve approximation was mentioned, but 
Coleman felt that the use of this substance is obviously limited to those cases in 
which the nerve ends can easily be approximated. 


Discussion: John S. McEwan, Orlando, Fin., stated that he was active in a large 
hospital in France during the World War of W14-191S. Although he did many 
nerve sutures, lie did not have an opportunity to follow them up. He considered 
pieces of clothing as important causes of infection, and emphasized the importance 
of removing these in performing debridement. 


13 . Ambrose H. Storck, New Orleans, La.: Injuries of the Abdomen — Preven- 
tive and Prophylactic Aspects. — The destructive and complicated character of 
abdominal wounds incurred in modern warfare, and the difficulty of quickly trans- 
' ting these casualty cases, is responsible for an appallingly high mortality rate, 
and is" forcing the consideration of abdominal injuries from the preventive ami 
* , standpoints. Fortunately, not only are there methods whereby the 

^ t 'number of immediately fatal injuries can be reduced, but there are also means 
^ 5 more of the less seriously injured abdominal casualty vases may be saved. 
" 101 _ ineasur es for the reduction of the total number of injuries include educa- 

^ rov . ^ ^ t(| precautions that should be taken by armed forces and civilians at 

tion ni iv-1 j an „ cr of incurring abdominal injuries van be reasonably anticipated, 
times v. it ^ adequate shelters for protection in case of airplane or artillery raids, 
the provision vehicles and equipment, and the adoption of some type of body 

armor protection , var i 0 us tvoes of materials which have been employed for 

armor. The author d.sum. 



REVIEW OF RECENT MEETINGS 


311 


body armor, and showed slides illustrating body armor which has already been 
devised as well as a suggested modification, or new type of body armor, designed 
to afford maximum protection with minimum increased weight. Of the prophylactic 
measures for the reduction of the serious consequences and complications of abdominal 
injuries, some may be instituted beforehand, while others are applicable after injuiy 
is incurred. Measures which may be employed before injury is incurred are con- 
cerned with reducing the incidence of severity of peritonitis resulting from perfora- 
tion of the hollow alimentary tract viscera. In this connection the author discussed 
the possibility of administering sulfanilylguanidine for the purpose of accomplish- 
ing relative sterilization of the gastrointestinal contents, as well as transforming 
the intestinal flora by means of preliminary administration of cultures of lacto- 
bacillus. Measures which may be employed after injury is incurred are concerned 
with avoidance of delays in transportation, the use of motorized mobile hospital 
units, the application of improved methods for the treatment of peritonitis and 
wound infection, and the employment of new methods for the study and treatment of 
shock and hemorrhage. A mobile shock cart, which consisted of a compact arrange- 
ment of the apparatus and materials used in the modern study and treatment of 
shock and hemorrhage, was illustrated. 

14. Owsley Grant, Louisville, Ivy.: The Use of Air Pyelogram in Diagnosis.— 
The use of gas or air as a medium in pyelography is not new. Difficulties following 
the use of air have been due to disregard of the fundamental principles of the 
method. Air embolism can be wholly obviated. Following a description of the, 
method, the author reviewed the contraindications, which consisted essentially of: 
(a) conditions under which retrograde pyelography would be inadvisable and (b) 
frank renal hematuria. The air method is of inestimable value in accurately and 
positively locating the position of small stones or fragments of large stones. There 
have been no untoward effects in the author’s experience, and postoperative reactions 
have been less than when other media have been employed. 


15. J. Garland Sherrill, Louisville, Ky.: The Management of Bilateral Renal 
Stones. — The author presented a historical resume concerning stones of the urinary 
tract. It is frequently difficult to decide upon the best method of managing bilateral 
stone cases. Some writers advise operating upon the side of the least damaged 
kidney first, while a contrary procedure is advocated by others. Complications 
are more common in bilateral calculus cases. The efficiency with which the remain- 
ing kidney takes on the function of the one which has been removed was discussed. 
Patients who have had bilateral stones must be advised to live in a manner which 
minimizes any deviation from the normal. 


In discussing the last two papers, Thomas S. Cullen, Baltimore, cited some per- 
sonal experiences as a sufferer from stones. Henry D. Pumiss, New York City, 
spoke favorably of air pyelography, especially when it is desired to do a pyelogram 
with a patient in the erect position. He believes that carbon dioxide is safer than 
air. Irvin Abell, Louisville, Ivy., stated that so far no studies made have 
elucidated the formation of renal calculi, and for this reason a rational method 
of treatment has not yet been evolved. Abell cited that calculi are unilateral in 
75 per cent of cases and bilateral in 25 per cent of cases. In bilateral cases the stones 
may be of equal size, or the stone on one side may be much larger than the one on the 
nlher side. He favors removing first the stone on the side showing the greatest 
function. When large calculi are present on both sides, it may be better to avoid 
any surgical intervention. Lawrence E. Wharton, Baltimore, believes that opera- 
tion should l.e done if possible, even when large stones are present on both 
sides, lie emphasized conservatism in respect to performing nephrectomv. 
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Tuberculosis of the breast is mo’re common^’ Ga "‘ TUberCUlosis ° f «*e Breast.- 
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radical operations may be averted by early ro -f^ 7 Suppose(b Necessary 
-port is based on seven eases. ° f ^ leS1 '° n - The 

breast through 1939 was reviewed There , , SUrger - v of tuberculosis of the 

suggested routes or mechanisms nd.ereby the^f T T “““ * the literata - 
lows: (a) via the duct, (b) through f0Ctl ° n becomes established are as fob 

stream, (d) through the lymphatics and^ 7^ T™*”* (c) tbe bIood 

USt °ry ° f trauma in 7 per cent of’ the cases ^ tiSSUe ‘ There ™ “ 

common during the childbearing age V, i V uberoulosis of the breast is more 
Differential diagnosis must be made fro * agn ° s,s from ^rcinoma is difficult, 
tumors, chronic cystic mastitis o,„, “ Ca,clnoma < ^rcoma, benign fibroepithelial 

Pyogenic mastitis. The avera°- e ’a°e wns\r f 8 ™ 3, C6U mastitis ' fat ueerosis, and 
years. The average duration of ij 76arS ’ witb a ran S e of from 16 to 70 
simple mastectomy as the operation nf^ ^ 13 6 Weebs- T,le autilor advocated 
tuberculosis of the breast have h ° ° ° 2Ce ' ° Iliy fourteen cases of bilateral 

17-year-old girl. 6 **** rep ° rted ' Tp e author's case occurred in a 
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to those which had been rennrtp ',1 * S> Penn '' reported live cases in addition 

932 breast cases at the John Ga^ vr TbeS6 flVe Cases oecu rred among 
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ously he had removed a kidney for tube ■ i • fr0 “ Wb ° m tilree J ' ear3 prori ' 

now, eight years afterwards, there hasteT’, A lmstectom >’ was donc and 

Baltimore, reiterated the possibility of ™ f ■ ° recurrence - Arthur M. Shipley, 
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tuberculosis elsewhere. ° 7 ° fe ' 7 ln stances is there evidence of 


Thyroidectomy. — In a^eri^r^/ig,?^' 1 thyroid V ° i<IiBS S ° ri ° US CompIications 111 
has been a mortality of 0.7G per cent Th» i, CaSes at t!ie Dahey Clinic, thero 
of recurrent laryngeal nerve injury in the last 5 000 ° lnCldtmC ° ° f °' 3 per ccnt 
10 cases of tetany in the entire series and none ’ F T^’ ^ ha76 beCn 

felt that it is important that the surgeon rather tha th “?* 4 ’°°.° Cases ' Lahey 
and prepare thyroid cases before operation. He^stressed th!; 6 importance^f recording 

r:e=^^ 

1 • , neeuea. Unless this is done, the imnrovement 

which results from preoperative preparation may lead to the undertaking of un- 
desirably extensive operations. The age of the mtioni n,„ • , ° 

and the duration of the disease must be taken into considp f gam ° r . ° S3 ° f ' rei ° ,lt ' 

cases. The administration of 10 per cent S ZoT7st heZ ^ 

, . , , ' o b0 just before operation was advocated 

,n order to reduce the number of postoperative thyroid reactions. Lakey felt that 
the pulse pressure is the best single indication of toxicity. An increase or widening 
of the pulse pressure during opera ion indicates an increasing toxicity and se™ 
to indicate that operation should be stopped. The use of local anesthesia was 
deprecated and, although cyclopropane was considered to be the best anesthetic 
the dangers associated with the use of this substance were reviewed. Lnhev has 
personal knowledge of three cases in which ventricular fibrillation and death followed 
the administration of cyclopropane, and for this reason l,e advocated the administra- 
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tiott of this gas at a low concentration. As a means of observing heart function 
during operation, a visible electrocardiogram projected onto the wall of the operating 
room is now being employed in his clinic. Intratracheal anesthesia was advocated 
for use in many cases, and the desirability of performing tracheotomy' early in cases 
in which there is any duskiness was stressed. Variations in the course of the recur- 
rent laryngeal nerves were described, and exposure of the nerves during operation 
was advocated, as a means not only of protecting the nerves, but also of safely 
permitting the removal of sufficient thyroid tissue, to prevent so-called recurrence or 
continuance of symptoms. Inadequate exposure of the gland was considered to be 
a frequent cause of postoperative hemorrhage. Transverse division of the strap 
muscles was advocated as a routine procedure. The author illustrated eases in 
which poor sldn scars followed thyroidectomy, and he discussed means of avoiding 
such disfiguring scars. 


18. Warren H. Cole, Chicago, 111.: Precautions in the Surgical Treatment of 
Thyrotoxicosis. — Since neurocirculatory asthenia, tuberculosis, and endocarditis 
may be confused with thyrotoxicosis, these conditions must be considered in dif- 
ferential diagnosis. Cole believes that ambulatory preparation of the thyrotoxic 
patient is desirable unless cardiac decompensation exists or unless the patient is 
severely toxic. It is important to recognize and to treat adequately associated 
diseases, such as diabetes. Mortality may be favorably influenced by employing 
multiple-stage operations in certain cases. The following were presented as criteria 
for operability: (a) gain in weight, (b) lowering of resting pulse rate to 115, (c) 
lowering of the basal metabolic rate to 50, (d) improvement in symptoms. Local 
anesthesia was deprecated and the author expressed a preferance for ethylene. Allow- 
ing the patient to wait for a long time in the operating room before operation is 
started produces a very unfavorable psychic effect. It is usually unsafe for the sur- 
geon to change his mind during the course of operation in regard to the extent of 
operative procedure. Glucose solution should be administered intravenously before 
and after operation. Cole gives Lugol’s. solution for as long as three weeks post- 
operatively. Tracheotomy should he done immediately when stridor indicates hemor- 
rhage or nerve injury. Postoperative oxygen therapy is effective in preventing or 
treating thyroid crises. 


Discussion: In considering the mechanism whereby ligature of one or both 
superior thyroid arteries produces a good effect, George Curtis, Columbus, Ohio, be- 
lieves that improvement is not due entirely to reducing the blood supply, but that at 
least part of the benefit from this procedure is due to interruption of nerve conduc- 
tion. There is a negative calcium balance in hyperthyroidism, and for this reason 
Curtis some time ago began administering calcium preoperatively along with large 
amounts of vitamin D, and he feels that calcium therapy lias prevented severe post- 
operative storms in his cases. Thyroidectomy arrests the negative calcium balance. 
Robert Dinsmore, Cleveland, Ohio, pointed out that lowering of the pulse rate is an 
important index of tlio thyrotoxic patient ’s improvement. In discussing the 
matter of the oxposure of the recurrent, laryngeal nerve in the course of tliyroidcc- 
tom>, ho observed that Laliey does not expose the entire nerve. Dinsmore 
expressed the belief that postoperative psychoses are not due to the hyperthyroidism 
or the operation for hyperthyroidism. Robert Bartlett, St. Louis, gave a brief 
report on a fifteen-year study of goiter cases which had been under the care 
in-m .1 ‘""I U l a !lsso “ i!ltcs iu private practice. In the period between 19d(3 and 

to in ti . L in °o v'. 1 ' U!l3 ' i-1 IIUr Cent; ' vhere ‘ ls > in tile period between 1931 and 
ic mor .i i \ i\as 1.7 per cent. He and his associates have not done upper 
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polo libations since 1931. Since 1935 there have been no deaths in crisis, and no 
severo reactions have been observed. Harold Foss, Danville, Pa., is convinced that 
theie are various ways of obtaining equally good results in the management of 
lnputh^ioid patients. When the mortality is high, it indicates to him that more 
multistage operations should be done. 

In closing the discussion, Lahey advised against operating on borderline or 
doubtful cases. He felt that patients in such cases should be allowed to go away 
on a trip and that they be reassessed following their return. This, he felt, will 
eliminate unnecessary operations. A low basal metabolic rate does not indicate 
safety, although a high basal metabolic rate does indicate toxicity. He felt that 
at least some of the benefits accruing from preliminary pole ligation were due to the 
conditioning of the patient to operative procedure. 

20. Loyal Davis, Chicago, 111.: Endocrine Studies in Patients With Subtotal 
Hypophysectomy. — Davis observed that, although visual disturbances may be re- 
lieved by hypophysectomy, some of the patients continue to have endocrine dis- 
turbances postoperatively. He reviewed methods for maintaining or restoring the 
pituitary or master gland influence on the target glands; i.e., the thyroid, the 
adrenals, and the gonads. Hypophysectomy causes a lowering of basal- metabolic 
rate and a rise in cholesterol. Studies conducted in conjunction with the present 
work also included estimation of adrenal cortex activity by the Wilder test, car- 
bohydrate balance, gonadotropic function, and parathyroid function. These studies 
were carried out in 25 cases, IS of which were hypopituitary and 7 of which were 
acromegaliae. 


Discussion: Waltman Walters, Rochester, Minn., considered such studies as 
Davis had made as important in furnishing data concerning the role of the pituitary 
and other ductless glands, and in permitting interpretation of the confusing' impli- 
cations of such conditions as hypoglycemia not due to adenoma of the islands of 
Langerhans. Emil Novak, Baltimore, discussed Frolich's syndrome in relation 
to its gynecologic aspect. Novak spoke of the unsatisfactory status of sub- 
stitution therapy due to the unknown chemical nature of the pituitary product. 
Ambrose H. Storck, New r Orleans, La., noted that, because estrogenic hormones 
inhibit the production of thyrotropic pituitary hormones, diethylstilbestrol or other 
estrogenic substances have been given to a small number of hyperthyroid patients 
who could not be brought into good condition by means of rest, calcium, iodine, a 
hi"h caloric diet, and vitamins. The number of cases in which apparently beneficial 
effects following this type of therapy have been observed is stiil small, but the 
results so far have been at least encouraging. 


oi J. Barrett Brown, St. Louis, Mo.: Reconstruction of Cleft Lips. — This 
presentation consisted principally of motion pictures accompanied by comments 
l - the author. Brown emphasized the importance of always letting some member 
of the family see a cleft lip patient before operation is undertaken. In discussing 
the influence of heredity in the development of cleft lip, it was observed that 
ldren of parents who have had cleft lip do not necessarily have cleft lip. Nasal 
correction should always be done in conjunction with the lip repair. 


H L D. Kirkham, Houston, Tex., pointed out that standard proco- 
Discussion. ^ c left lip is oftentimes impossible because of the ninny 

dure in the rep, m;l v j, e present in individual eases. In the instance of 

different P™ oi * 3 . ^h-klmm repairs one defect at a time. If a tight upper lip follows 
double defects " ‘ ;l piece of tiie lower lip into the upper lip. 

a repair, he transp 
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22. Howard M. Clute, Boston, Mass.: Jejunostomy for Postoperative Feeding.— 
Jejunostomy for postoperative feeding was presented as a procedure which may be 
lifesaving. Reference was made to the relative malnutrition which is common in the 
general population. In stomach cases malnutrition is particularly likely to be 
pronounced. It is important to realize that subelinical manifestations or states of 
subnutrition exist, and may be responsible for postoperative hypoproteinemia. Com- 
plementary jejunostomy, performed at the time of principal operation, has been 
employed by the author in over fifteen cases in which there were lesions of the 
stomach and biliary tract. There were no deaths in this series of cases. A mixture 
of skimmed milk, thiamin, egg, vitamin C, and haliver oil with viosterol is admin- 
istered through the tube postoperatively in amounts from 1,500 to 2,000 c.c. daily. 
Jejunostomy is usually performed in a loop of bowel 20 to 30 cm. below the liga- 
ment of Treitz. The first purse-string suture surrounding the jejunostomy tube is 
anchored to the tube, and a second purse-string suture anchors omentum to the 
area of the ostomy. When no omentum is present, the ostomy site is brought to the 
peritoneum of the wound edge. The ostomy openings have closed within from two to 
three days following removal of the tube, and there has not been a complicating 
factor in any case. 

Discussion: Shelton Horsley, Richmond, Va., stated that he has employed the 
method described by Clute, but that he prefers a mushroom catheter to a whistle-tip 
catheter. He subsequently cuts off the tube and allows the mushroom tip to be 
passed per rectum. Horsley referred to the undesirable effect produced by indwelling 
gastroduodenal catheters, and for this reason he does gastrostomy in many gastric 
resection cases. He uses a sharp hemostat instead of a scalpel for making the 
opening into the stomach, because this procedure produces a gridiron effect and 
prevents leakage when the tube is removed. 


23. Harold L. Foss, Danville, Pa., Secondary Operations on the Gall Bladder 
and Biliary Ducts. — After commenting on the frequency of biliary tract disease, 
Foss presented observations based on 2,185 biliary tract patients in whom 110 
secondary operations were performed. The average age of the patient at the time 
of the first operation was 40 years, and the average age at the time of the second 
operation was 48 years. Ninety-five of the secondary operations followed chole- 


eystostomy, the secondary operation in most cases consisting of cholecystectomy. 
Thirty-three patients upon whom secondary operation was performed had had 
cholecystectomy and 11 of these had had a common duct stone. Six of the secondary 
operations revealed biliary duct stenosis. There were stones in the gall bladder or 
ducts in 5S per cent of the secondarily operated cases. Fifteen per cent of the 
cases had dilated ducts. Eleven of the cases had been operated upon two or more 


times before Foss saw them. In / of the 140 patients upon whom secondary opera- 
tions were performed, nothing but exploration was done. The hospital mortality 
on the entire series of 140 cases was 8.5 per cent. Routine exploration of the dilated 
common duct was advocated. It was not considered that x-ray examination of the 
ducts in tho operating room is practical. Foss observed that' it is surprising how 
often the findings at the second operation are not in keeping with the symptoms 
and signs presented preoperatively. Cholecystectomy performed for noncalculous 
gall bladder disease is frequently followed by unsatisfactory results. The use of 
cotton for ligature and suture material was lauded and was advocated as a means of 
reducing the frequency of postoperative hernia and wound infection, (x b This 
paper was discussed in conjunction with the papers of Newell and Edwards to 
follow.) ' ’ 
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Th ; ; u t J' r ' f T ' Va - : A <* Hailing the Appendical Stump.- 

aivoc “tld n u mC f ° f trCatin& the a PP-dicnl stamp which have been 

.^XL o the t ^ U ° 0d b/ ^ ° f <* «• aPPend* and 

Z th ° StU ; Up h >‘ means purse-string suture may become the site of an 

th, I “? J ’ subsec i ucutl y ^Pture into the peritoneal cavity. Inversion of 

POssibiUt f f Ut ? hSatl ° U WaS eousidered to ^ dangerous on account of the 
loss bihtj of peritoneal contamination. It was not considered that simple ligation 

li > p.° J PPaa T- ? a Satlsfactor -> r Procedure. The author described the method which 
e employs, winch consul of turning back a cuff of peritoneum in the region of 

1 n* aSG fi ° 6 a ^ en ^ 2X, P^mg a double loop of catgut about the appendix, 

ding the loops of catgut close to the appendix by means of hemostat , introducing 
a purse-strmg suture, aud then cutting the loops of catgut close to the point where 
fif ky hemosfcats, and inverting the stump by means of the hemostats 

still attached to the remaining short loops surrounding the base of the appendix. He 
ias employed this method in 12G cases with no mortality. Fifty of the cases had 
acute appendicitis. 


Discussion: Shelton Horsley, Richmond, Va., contended that the simple ligation 
met iod is quick, simple, and adequate. In 1,142 cases in which this method has 
been employed, there have been S deaths, or a mortality of 0.7 per cent. 

-6. E. Dunbar Newell, Chattanooga, Tenn.: Eeport of a Case of Kupture of the 
Common Duct. Spontaneous rupture of the common bile duct is very rare and few 
examples of this lesion, in which there was not associated trauma, operation, or an 
impacted stone, have been reported in the literature. .The author was able to find 
only two other similar cases reported. The patient on whom the present report is 
based was a diabetic wiio liad had epigastric distress for eight years. There was no 
jaundice. A preoperative diagnosis of ruptured peptic ulcer was made. At opera- 
tion, exploration revealed a dilated common duct and there was effusion of bile under 
the peritoneum overlying the bile duct. Several small cholesterol stones and some 
mud were found in the duct. The gall bladder was removed and the common 
bile duet was drained for twelve days postoperatively. A follow-up one year la ter 
revealed the patient to be in excellent condition, having gained fifteen pounds. It 
was believed that the rupture occurred at an inflamed weak spot or that it might 
have been due to an impacted stone in the wall. Some details of the two other 
cases reported in the literature were presented. 

27. C. R. Edwards, Baltimore, hid.: Acute Cholecystitis With Perforation Into 
the Tree Abdominal Cavity. I he present report is based on twenty-one cases of 
acute cholecystitis which uere admitted to two hospitals in Baltimore. There was an 
11 per cent incidence of perforation. Only 75 per cent of the acute cases were 
operated upon, the rest of the perforations being found at autopsy. The history 
and physical signs were typical in all cases. The author does not believe that x-ray 
examination is important in the diagnosis of this condition. Partial resection or 
cholecystostomy was done in most of the eases upon whom operation was performed, 
but the author believes that cholecystectomy should ha done if possible. 

Discussion: Thomas S. Cullen, Baltimore, discussed Edwards’ paper and pre- 
sented observations in regard to rupture of the gall bladder, especially in respect to 
stones which became encapsulated after extrusion into the peritoneal cavity. Charles 
Gordon Heyd, New York City, in discussing loss ’ paper referred to his own observa- 
tions ba'Cd on a review of -1,000 eases with biliary tract disease. Forty-two of the 
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cases required exploration of tlie common, duct at the second operation (thiity-six of 
these patients had their first operation elsewhere), and in the majority of these cases 
calculi were found in the duct. Heyd expressed his strong conviction that cases of 
acute cholecystitis should be operated upon, as in most instances the rupture is asso- 
ciated with acute peritonitis and in only a comparatively few cases does local abscess 
formation occur. Before operating for acute cholecystitis, six to twenty-four hours 
of preparation should usually be allowed because in a group of cases operated upon 
immediately there was a 24 per cent mortality; whereas, the mortality is much 
less when preliminary preparation is done. Robert L. Rhodes, Augusta, Ga., 
considered that blood chemistry studies, which reveal low chloride or high 
uric acid levels, indicate the need for preoperative preparation in biliarv 
tract eases. The liver should be given preeminent consideration. General 
hygienic care is important and will oftentimes relieve the distressing symptoms 
which persist in some instances following biliary tract operations. Howard 
Clute, Boston, in discussing Foss’ paper, described a vitallium tube which 
has been devised for use in reconstruction operations on the common duct. 
Clute reported a recent successful bile duct operation on a patient who had 
been previously operated upon four times. George Bunch, Columbia, S. C., re- 
ported two eases in which there was an acute exacerbation of gall bladder disease 
during the course of treatment for fracture of the femur. In one of these cases 
the gall bladder ruptured, in the other case the gall bladder was found to be full of 
stones, but there had been no rupture of the gall bladder wall. Frank Lahey, 
Boston, briefly reviewed two cases in which a rubber tube was used to span defects 
or loss of substance of bile ducts. One of these cases was operated upon four years, 
ago, while the other was operated upon two years ago. At present, both are well. 
Lahey cautioned against allowing a tube introduced into the common duct to extend 
into the duodenum. The tube should be of a size larger than the sphincter of Oddi. 
Exploration of the common bile duct is especially indicated in the presence of acute 
cholecystitis, in which there is frequently infected bile and stones in the duct. 


28. Warfield M. Firor, Baltimore: The Use of Sulfanilylguanidine in Surgical 
Patients. — Observations and experiences based on 12 surgical patients who re- 
received sulfanilylguanidine before operation on the colon were presented. Al- 
though the author did not feel justified in formulating definite or final conclusions 
at present, it was considered that at least 2 of the cases would have died if the 
concentration of coliform bacteria had not been reduced before operation. The 
author also felt that the intestinal wounds in 3 cases would have failed to heal per 
primum without the drug. In 2 cases open anastomosis was successfully performed 
without the slightest evidence of subsequent infection. Firor referred to the observa- 
tion of Marshall and his co-workers that this drug, when given orally, is less toxic 
than sulfapyridiue or sulphathyzol. Sulfanilylguanidine is poorly absorbed from the 
intestinal tract, and the concentration of coliform bacteria in the feces of mice is 
greatly reduced after the oral administration of the drug. Furthermore, these workers 
found that the new compound is as active as sulfapyridiue against pneumococcus in- 
fection in mice, and on the basis of in vitro studies they showed that it is as effective 
as is sulfanilamide against several other pathogenic bacteria. 


Discussion: Leo Brady, Baltimore, stated that, through the courtesy of Firor, 
ho and his associates have had the opportunity of using sulfanilvlguanidine in 2 cages’ 
in both of which it was considered that the administration o'f the dnm prevented’ 
the development of peritonitis. Brady commented on the absence of nausea and 
vomiting, and found that the patients were willing to take the drug almost as soon 
as they reacted troni the anesthetic. Harvey B. Stone, Baltimore, has employed 
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this drug in 0 cases, in all of which there was infection of the colon of one kind 
or another. All of the cases survived operation. He felt, however, that much 
additional experimental work must be done in order to evaluate fully the drug. 
The solubility' of the drug in water, the lessened absorbability' from the alimentary 
tract, and the specificity for the colon group obviously make sulfanilylguanidiue 
an agent almost ideally' designed for attack upon the bacterial flora of the large 
bowel. Apparently, the high degree of effectiveness is attained at the end of 
six or seven day's of administration. Several days after the drug is discontinued, 
bacteria rapidly reappear. Therefore, it seems wise to give it for six or seven 
day's prior to the planned operation and to continue the administration of the 
drug six or seven days after operation. Arthur M. Shipley, Baltimore, reported 
a case in which sulfanilydguauidine was administered preceding resection of the 
right colon and anastomosis between the terminal ileum and the transverse colon. 
There was an amazing drop in the bacterial count during the preoperative preparation 
period and there was no evidence of infection in the wound. Prank H. Lahey, 
Boston, asked if there have been any contraindications or any evidences of toxicity 
in the use of the drug. 


In closing, Firor stated that, with reference to the degree of absorption, it has 
been found that the blood level concentration ordinarily runs between 2 and 4 mg. 
per cent, and in only two instances did it go over 5 mg. per cent. The dosage was 
experimented with in this group of patients, and at present it is felt that 50 mg. per 
kilogram of body weight every eight hours for a week before operation and a week 
after operation is perfectly' safe. It has been found in some experimental work that 
far better results are obtained by giving the drug at eight-hour intervals than more 
frequently or in a single dose. Evidence of toxicity' or contraindications to the use 
of the drug have not been found. Marshall has been employing the drug in cases 
of bacillary' dysentery, with astounding results when it is given in the first three 
day's of illness. He added that a report on this use of the drug would appear in the 
January issue of the Bulletin of the Johns Hopkins Hospital. 


29. Frank S. Johns, Richmond, Va.: Recurrent Carcinoma of the Rectum. 
Johns reported the case of a male patient who had a “recurrence” of carcinoma in 
the region of the stoma, which followed a Kraske operation performed fifteen years 
previously for a grade II carcinoma. Examination of the specimen, removed by 
combined abdominal and posterior resection at the second operation, revealed the 
carcinoma to be of grade III, but the pathologist reported “a striking resemblance 
in the cell morphology to the previous growth” and that “it was probably of 
similar cell origin.” A year and a day have now passed since the second operation 
and on recent examination the patient, now 42 years old, seems to be in good health. 


30 Frederick A. Coller, Ann Arbor, Mich.: Regional Lymphatic Metastasis of 
Carcinoma of Colon. — Coller presented the results of observations made on clarified 
■ lens of colon and attached mesentery in respect to the occurrence and distribu- 
■ of metastases. By this method, employed by associates of his, a much higher 
* l0E 0 £ noJcs was demonstrable. It has been possible to demonstrate fifty- 

^ er 1 -noli areas per specimen instead of an average of fourteen by older methods. 
t "° .'.^es there were 28 with metastases, an incidence of (i0.S7 per cent. By means 
In 40 ca. - v . ir j ous parts of the colon, areas and directions of metastatic spread 
of char = Frequently, no correlation is found between the size of the colon 

were indiea ei jre3CIU . e 0 r extent of metastases. Likewise, in his series there was 
tumor and t it 1 duration of the disease and the degree of metastasis. 

no correlation between 
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Metastases, however, do parallel the increasing grade of malignancy of the tumor. 
Many metastatic nodes are not palpable, and the size of lymph nodes is no index 
of metastasis. Therefore, operative procedures must be based on anatomical 
knowledge rather than on detectable lymph nodes. 

31 , Henry W. Cave, New York City: Mortality Factors in the Surgical Treat- 
ment of Ulcerative Colitis. — The author has done 90 operations on 50 individuals, 
with a mortality rate of 22 per cent. In 1939, 59 people in New York City died 
of ulcerative colitis. The horror of having a terminal ileostomy causes disastrous 
delays in many cases. Hemorrhage and peritonitis are the direct causes of death. 
Recently, sulfanilamide, administered orally, has been employed in the management 
of these cases. Ulcerative colitis is a cyclic recurring disease, and it is often diffi- 
cult to choose the proper time for surgical intervention. In selecting cases for 
operation, judgment is based on a consideration of whether or not the disease is 
undergoing uninterrupted progression, or whether there are remissions, either one 
of which circumstances constitutes indication for surgical intervention. Operation 
should be done during a period of quiescence. Preoperative medical observation and 
preparation are very important. 


Discussion: Frank Xiahey, Boston, stated that at the Lahey Clinic there have 
been 280 eases of ulcerative colitis, with 80 complete colectomies and 3 deaths. There 
were 14 colectomies with no deaths. There have been 5 restored ileostomy cases. 
In emergency or extremely ill cases only a loop type of ileostomy is performed ; where- 
as, in elective cases an end type ileostomy is done. Lahey felt that any individual 
who has had two episodes of colitis should have an ileostomy. Lahey felt that not 
every case with a rigid colon is a candidate for colectomy. In order to avert pulling 
of the intestine into the abdomen, he advocated fixation of the mesentery to the 
peritoneum. 

Discussion: Harvey B. Stone, Baltimore, noted that sulfanilylguanidine has 
been tried in a few cases of ulcerative colitis, and it is believed that the drug is of no 
value in the treatment of the basic lesion. However, it is considered to be of value 
in preoperative preparation in order to Teduce the number of the colon group organ- 
isms. Stone also emphasized the importance of early ileostomy. 


32. Harvey B. Stone, Baltimore: Results 'With the Fascia Plastic Operation 
for Anal Sphincter Repair. — The present report is based on 30 operations per- 
formed by various surgeons in Baltimore. The author reviewed the operative 
procedure which he has previously described. The operation may- be employed 
to advantage in certain cases of anal fistula, in congenital abnormalities, following 
operation for hemorrhoids in which there has been loss of sphincter function, 
following rectal cancer operations, in certain cases of perineal lacerations, pro- 
lapse of the rectum, and congenital megarectum, following trauma, and in some 
cases of anal ulcer. The results have been excellent in 12 cases (40 per cent), 
good in 9 cases (.10 per cent), fair in :> cases (10.0 per cent), and unsatisfactorv 
in 4 cases (1.1..1 per cent). When the gluteal muscles are also impaired, as in 
certain cases of spina bifida, the operation is of no value. The author emphasized the 
importance of a period of training in order that the individual might gain full 
benefit from this operation. Since it is necessary to train tile patient to contract 
the gluteal muscles, it is unreasonable to expect good results in very young children 
or ill adults with low mentality. The procedure, in case of a prinmrv failure, mav be 
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very satisfactory. Deryl H art D. ) ° mp! ° yed - The results we» 
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guSl Hernia 2 ? 65 ’ ?' BethIchem > Pa - : En d Exults in the Treatment of In- 

SeLfr a a ' t0 ' raSCia Rectus Sbeatl1 Closure. — The factors which 

TelT he c, r“ Ce - herniaS inClUde the “** ° f A- tvpe of the 

hernia,. the character of the patient’s tissue, and the type of operation. After 

Z ZZ Vail °T- !T S ° £ ° PeratiMS for author described in detail 

f P , UrG 7 UC l he oni P lo 3's. Following high ligation of the sac and closure 
of any defect in the transversalis fascia, a flap of rectus abdominis muscle sheath 

Z a “ he " SUtUred t0 PoU P art ’ s parent. The line of suture should not 

be continued above the normal level of the internal inguinal ring, as such a proce- 
dure will cause pressure on the cord and testicular atrophy will result. The 
ou er ap o t e external oblique fascia is sutured to the medial edge of the defect 
p ° uce^ m the rectus abdominis muscle sheath. The procedure has been em* 
ployed in 304 cases, S6 per cent of which have been followed up. All but 1C of 
cases o lowed up were seen and examined. There were 4 recurrences within a 
year following operation. In 317 indirect hernias there was a recurrence of 0.4 per 
cent. In SO direct hernias there was a recurrence of 2.77 per cent; and in 19 re- 
current hernias there was a recurrence of 12.5 per cent. In a total of 416 operations 
there was a postoperative recurrence in 5, or an average of 1.2 per cent. 

34. Charles It. Robins, Richmond, Va. : Why Inguinal Hernia Recurs.— The ana- 
tomical features, and methods of diagnosing hernias were reviewed. Direct and in- 
direct hernias are frequently present in combination. Most recurrences occur within 
one year. The shutter action of the flat muscles of the abdominal wall was discussed, 
as was also the thick ligamentous fascia which runs along the top of the pubic bone. 
The author advocated the use of fascial sutures. 


Discussion: Bradley Coley, New York City, felt that the many methods 
advocated for the repair of hernia evidence the imperfect results frequently ob- 
served following operations for hernia. He advocated the use of nonabsorbable suture 
material, particularly silk, which averts wound infection and rupture. Operations 
which involve taking a bite in muscles in the region of the internal ring interfere 
with the shutter action of the muscles in that region. Many slight direct bulges 
may best be left alone. Harold Toss, Danville, Pa., felt that simple types of 
operations are generally best. Ho prefers silk or cotton to fascia. In addition 
to the use of nonabsorbable suture material, Foss considered that adequate 
obliteration of tho inguinal canal was important in effecting a euro in hernia. 

Willard Bartlett, St. Louis, discussed the occurrence of atrophy of the testicles 
following hernioplasty. Because of the possibility of bilateral atrophy following 
operation, the advisability of operating upon but one side at a time should be con- 
sidered. G. B. Rhodes, New York City, described an operation in which a tri- 
angular flap of rectus sheath is employed. The flap is passed through a slit in the 
external oblique fascia and then sutured to Poupart ’s ligament. Frederic Bancroft, 

New York City, has employed an operative procedure which represents a modification 
the tvpe of operation performed by Estes. Believing that the bladder, when the 
° f nt i- in the erect position, plays an important part in the recurrence of hernia, 
a dvocated exposing the bladder and drawing it medially by means of sutures /"/ -V 
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through the bladder and through the rectus abdominis muscle sheath. Donald 
Guthrie, Sayre, Pa., voiced his favorable experience with the use of cotton as suture 
material. 

35. J. Shelton Horsley, Bichmond, Va.: Resection of the Duodenum for Tumor 
of the Ampulla of Vater. — Techniques which have been developed for the excision 
of the second portion of the duodenum and the head of the pancreas were reviewed. 
Horsley stated that the Whipple procedure has been modified so that the common 
duct is anastomosed end-to-side to a loop of jejunum, and that a jejunojejunostomy 
is performed in addition to the performance of a gastrojejunostomy and excision of 
the duodenum and pancreas. A case was reported in which Horsley resected part 
of the second portion of the duodenum along with a portion of the pancreas on 
account of a tumor located in the region of the ampulla of Vater. The tumor 
was a fibroadenoma. Although wound healing, as revealed at autopsy, was quite 
satisfactory, the patient died of uremia. 

36. R. Arnold Griswold, Louisville, Ky.: Perforated Peptic Ulcer. — This report 
is based on 111 cases. There was a ratio in this series of white to colored 
patients of 4:3. Only 65 per cent of the patients vomited after perforation had 
occurred. Only 3 were in shock, as indicated by a blood pressure determination, 
although a clinical appearance suggesting shock was present in other cases, and the 
author drew attention to the fact that pallor may be misleading in suggesting the 
existence of shock in ruptured ulcer cases. Seventy-three per cent of x-rays revealed 
air beneath the diaphragm. All patients who were distended at the time of operation 
died. Nine of the 111 patients were not operated upon because they were first seen 
long after perforation. The author has discontinued the use of spinal anesthesia be- 
cause of 2 deaths which followed its administration. He prefers a transverse ab- 
dominal incision and he advocated simple closure of the perforation with two rows 
of sutures. Sulfanilamide is instilled into the peritoneum and into the wound in some 
cases. Ordinarily, no intraperitoneal drainage is attempted. Silk sutures are em- 
ployed for closure of the wound in the abdominal wall. It was considered that the 
presence of streptococci in the peritoneal cavity influences the mortality following 
perforated peptic ulcer. 

Discussion: Ambrose H. Storck, New Orleans, La., presented some of the find- 
ings in a study recently completed at Tulane University by Oclisner and DeBakey, 
based on a review of approximately 23,000 cases of perforated peptic ulcer, as 
well as some findings revealed from a review of records at the Charity Hospital 
at New Orleans. The incidence of perforation in peptic ulcer in the cases collected 
from the literature was 13.2 per cent; whereas, in the Charity Hospital cases it was 
8.09 per cent. There has been an increase in recent years in the percentage of 
perforation of peptic ulcers in the Charity Hospital series. Whereas perforating 
duodenal ulcer occurs most frequently in the ages between 20 and 40 years, the 
peak incidence of perforation of gastric ulcer is in individuals about 50 years old. In 
11,305 cases in which the location of the perforation was accurately recorded, 51.2 
per cent were duodenal, 38.9 per cent were gastric, and 9.S per cent were “pyloric.” 
There was a constant direct relationship between the death rate and the age of the 
patient, and the mortality increased progressively in relation to the number of 
hours elapsed between the time of perforation and the time of operation. Although 
the mortality was highest in the group of eases in which local anesthesia was 
employed, this tvpo of anesthesia was frequently employed in cases of long duration 
or in poor risk patients. The relatively low mortality when spinal anesthesia was 
administered suggests that this type of anesthesia is preferable to general anesthesia. 
The mortality following various operations was as follows: simple closure, 25.9 per 
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eeufc; closure plus gastroenterostomy, 20.4 per cent; excision plus closure or pyloro- 
plasty, 15.9 per cent; gastrectomy, 13.5 per cent. The relatively high mortality 
following simple closure no doubt was due to the employment of this procedure 
in the majority of patients who were in poor condition. The very low mortality 
follow ing gastrectomy' reflects the skill and experience of the relatively few surgeons 
who employed this procedure. Not only is excision of the ulcer plus closure or pyloro- 
plasty effective as a means of meeting the problem of perforation, but the follow- 
up results after this type of procedure are very satisfactory. .Relatively poor 
results following simple closure might be averted if more of the patients on whom 
this procedure is employed were properly instructed in regard to postopera- 
tive, dietary', and general hy'gienie regimen. In 942 cases in which the cause of 
death was definitely stated, peritonitis was found in 57.1 per cent, pulmonary lesions 
U'ere present in 20.7 per cent, and other causes were reported in 22.1 per cent. 
Robert Rhodes, Augusta, Ga., reported a case of duodenal ulcer in which there 
was no air bubble demonstrable by x-ray. Following simple closure of the perfora- 
tion, this patient subsequently had two perforations at points distal to the site of 
the first perforation. Albert Singleton, Galveston, Tex., discussed the occurrence 
of perforation of peptic ulcers in infants. Recently, Singleton operated upon a 
14-hour-old infant, and lie has operated upon another infant 3 days old. There 
are many cases of early perforation of peptic ulcer recorded in the literature, includ- 
ing one case in which perforation occurred in utero. John M. T. Finney, Jr., Balti- 
more, illustrated a familial tendency or predisposition to ulcer, stating that he 
had operated upon three brothers for perforated ulcer. Two of these patients gave 
no ulcer history. All of them lived. Finney' referred to the use of the round ligament 
of tlie liver as a plug iu cases in which simple closure is done. Joseph Donald, 
Birmingham, Ala., stated that excision of the ulcer followed by pyloroplasty has 
been used at the Hillman Hospital for the past several years with very gratifying 
results. He believes that the use of the transverse abdominal incision reduces the 
incidence of wound disruption. 

In closing, Griswold referred to the employment of the Gateh procedure of folding 
nonindurated stomach and duodenal tissue over the site of perforation. 


37. George Curtis, Columbus, Ohio: Mediastinal Ganglioneuroma, — Ganglio- 
neuromas may occur throughout the body, but they are mainly found along the 
course of sympathetic nerve trunks. Most frequent sites are in the uoek, thorax, 
abdomen, and pelvis. The author also discussed the closely related tumors of the 
adrenal "land. Mediastinal ganglioneuromas are uncommon, but the frequency 
with which they are recognized is increasing because of more x-ray examina- 
tions and advances iu thoracic surgery which permit exploration as well as removal 
of the°e tumors. The case upon which the author 's present report was based was that 
of a 35-year-old nurse. The tumor was successfully removed by thoracotomy. Preopera- 
• -' reco-mition of the presence of the tumor was the result of routine x-ray examina- 
of the chest, as there were no symptoms. Preceding the removal of the tumor, 
-iritorv pneumothorax was done. Gross examination of the specimen revealed 
P rt ' ' ntol j s . ue as, fibrillar areas, and hemorrhagic areas. Microscopic examination 
myxonn - ‘ mn^Iioneuronia, Of the 200 ganglioneuromas so far reported 

' tUe literature, about 30 have been mediastinal. 

Julian Moore, Asheville, N. C., spoke of extrapulmoiiary iutrnthorucic 
Discussion tI)C fact that many patients with such tumors are not given 
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tumors. 


w . be afforded bv modern chest surgery. 


Ail these tumors were 
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sure anesthesia is necessary, he does not believe that intratracheal anesthesia is 
necessary. In order to guard against infection and emphysema, lie believes that a 
catheter should be inserted and suction applied postoperatively. 

38. G. V. Brindley, Temple, Tex.: Carcinoma of the Fundus of the Uterus. 
This report is based on 92 cases. The ratio of uterine carcinoma to uterine 
sarcoma is 6:1. Eighty per cent of the patients were past 50 years of age. Ab 
normal bleeding is the most common symptom. Carefully performed curettage is 
the only accurate diagnostic method. All fibroids should be carefully examined im- 
mediately following their removal because some will be found to have aieas of car- 
cinoma in the fundus of the uterus. The highest percentage of cures in carcinoma of 
the fundus of the uterus is obtained by means of hysterectomy supplemented with 
radium or x-ray. The hospital mortality in the present series was 1.1 per cent. The 
degree of malignancy is low in two-thirds of the cases, and 79 per cent remained 
cured five years or longer by means of surgery and irradiation. Only about 40 per 
cent of five-year cures follow irradiation alone. The low-grade growths tend to 
occur in the younger group of women. 

39. Curtis H. Tyrone, New Orleans, La.: Operative Repair of Uterovaginal 
Descent. — Operations for this condition were done as early as 1507, but not until 
much later were they generally performed. The author reviewed the various methods 
which have been employed for the treatment of uterovaginal descent. He discussed 
the application of the methods rather than the details of any particular operative 
procedure, although essential anatomy and brief descriptions of operative procedures 
were discussed. Prolapse may occur in virgins and in nulliparous women, but 
usually this condition is the result of prolonged labor. Indications for the employ- 
ment of the interposition operation, the Manchester-Fathergill operation, and vaginal 
hysterectomy were reviewed. The author considered vaginal hysterectomy to be one 
of the most satisfactory operations, as it eradicates the associated cervical and 
endometrial disease. He also discussed the Le Fort operation, and spoke of the 
removal of the prolapsed cervical stump which may follow supravaginal hysterectomy. 


Discussion: Edward Richardson, Baltimore, agreed that carcinoma of the 

fundus usually should be treated by means of radiation and surgery. He drew atten- 
tion to the striking fact that there is a frequent time waste between the appearance 
of symptoms and the operative attack. If improved results are to be obtained in the 
management of this condition, such a time waste must be reduced. He reiterated the 


fact that no single operation is satisfactory for all cases of uterovaginal descent. 
Emil Novak, Baltimore, in addition to discussing the use of both radium and 
surgical methods in the treatment of carcinoma of the fundus, emphasized the im- 
portance of microscopic examination. Benign hyperplasia, although histologically 
quite distinct, is sometimes mistaken for adenocarcinoma. In the repair of 
cvstocele it is important that the suburethral space be tilled in or closed, au.l he 
referred to a triangular suture by which this might be accomplished. Perineorrhaphy 
does not cure rectocele, due to rectovaginal septum tears or stretching. Donnell B. 
Cobb, Goldsboro, X. C„ spoke of post vaginal hernia and prolapse of tile floor of the 
cul-de-sac of Douglas. This condition must be recognized and corrected if cure of the 


tidal condition of prolapse is to be accomplished. I’ll fortunately, almost half of the 
instances in which this condition exists are not recognized, although the diagnosis can 
readily be made by means of proper rectal examination. Treatment of thi.-Teoudition 
is similar to the treatment of other hernias. John Burch, Nashville. Tent, discussed 
the occurrence of endometrial emboli following curettage. The employment of 
suet, on or punch methods permits diagnosis without the danger of dissemination of 
uterine carcinoma beyond its original location. He concurred with Cobb i„ I, is 
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belief that postvaginal hernia is more common than is generally recognized, and 
he advocated routine exploration of the cul-de-sac in cases in which vaginal hysterec- 
tomy is performed. 

40. Fred Krock, Fort Smith, Ark.: Arrhenoblastoma of the Ovary, Further 
Remarks. — Only in recent j-ears has it been fully appreciated that tumor tissue 
may function in a manner similar to its related normal tissue. To illustrate this 
point, the author cited the secretion of bile by a hepatoma which had metastasized 
to the brain. There are various types of arrhenoblastomas; some are associated 
with great, while others are associated with little, virilism, the variations in mani- 
festations being related to the degree of differentiation of the tumor. The author 
reported further on a previously presented ease in which femininity returned six 
weeks after the removal of the tumor. Subsequent operation, performed because of 
pain of which the patient complained, revealed two tumor nodules, and examination 
of the tissue removed at operation revealed cartilage in the recurrent growths. 
The theories which have been advanced to account for the occurrence of arrheno- 
blastomas were reviewed, and included the following: (a) hermaphroditism, (b) 
gonadal protective effect, (c) latent male elements, and (d) teratomas. The frequent 
finding of various types of cells in a single specimen supports the teratomatous 
theory. Other masculinizing ovarian tumors which the author considered in the 
course of his presentation included: (a) granulosa cell tumors, (h) aberrant cortical 
tumors, (c) embryonal carcinoma, (d) lutein cell tumors, (e) true sarcoma, and (f) 
dermoid tumors. Krock considered that arrhenoblastomas may represent one-sided 
teratomas. 

Discussion: Emil Novak, Baltimore, remarked that Krock and his associates 
were the first observers in this country to describe arrhenoblastoma. In none of the 
three cases of his own, nor in the eight other cases in his laboratory, has Novak 
found evidence indicating a teratomatous nature of arrhenoblastoma. Ho believes 
that these tumors are related to the ovarian medulla or to the suprarenal cortex, 
both of which exert some masculinizing effects. Novak also remarked on the variation 
in the histologic appearance of arrhenoblastomas. Hirsutism alone is not an evidence 
or syndrome of masculinization. 



REPORT OP THE MEETING OP THE ANESTHETISTS’ TRAVEL 
CLUB, BOSTON, MASS., OCT. 7, 8, and 9, 1940 

Ralph T. Knight, M.D., Minneapolis, Minn. 

E IGHTEEN members of the Anesthetists’ Travel Club met in Boston Oct. 7, 
8, and 9, with Lincoln Sise, Philip D. Woodbridge, and Sidney Wiggin as the 
hosts. Pour members from Canada were able to attend: Wesley Bourne and 
Charles Stewart, from Montreal, and Charles Robson and W. E. Brown, from 
Toronto. 

The mornings were spent at clinics at the New England Baptist, New England 
Deaconess, and Faulkner Hospitals. The outstanding anesthesia theme at all of 
these hospitals was undoubtedly the combined use of various anesthetics and 
methods to the advantage of the patient and the surgeon. Such combinations 
as intravenous and inhalation, spinal and inhalation, and spinal and intravenous 
anesthesia, were demonstrated with various types of cases as providing very 
adequate operative conditions together with the least unpleasantness to the 
patient and the least disturbance of his physiology. 

In abdominal surgery, especially procedures upon the stomach and gall bladder, 
continuous or fractional spinal anesthesia was demonstrated. Some of these 
patients were also lightly anesthetized with cyclopropane or intravenous pento- 
thal, barely into the zone of unconsciousness, to prevent tire and nausea. A 
very small additional dose of spinal anesthetic was occasionally added. Relaxation 
was excellent and controllable; general anesthesia, minimal. A hysterectomy was 
also performed under continuous spinal anesthesia. It was possible to start with 
a much smaller dose than would otherwise have been deemed necessary and the 
final total turned out to be less than would have been administered in a single dose. 

Intratracheal cyclopropane was demonstrated for chest surgery, and intratracheal 
air-ether insufflation for brain surgery and major oral and head surgery. 

Wiggin also especially stressed, in his clinical demonstrations at Faulkner Hos- 
pital, the combined use of spinal and other anesthetics in “balanced” anesthesia. 
In a seminar he presented a large number of anesthesia records, classified into 
groups, to demonstrate the control of blood pressure under spinal anesthesia and 
the management of anesthesia for bad-risk patients. 

Tuesday afternoon was spent at Massachusetts General Hospital with Henry 
K. Beecher who demonstrated intratracheal ether-oxygen anesthesia for a pneu- 
monectomy and led a round-table presentation and discussion on Controversial 
Problems of Anesthesia for Thoracic Surgery. Beecher advocates the use of ether 
rather than other anesthetics, and the attachment of a mask to the tracheal tube 
to provide a gas-tight connection rather than the use of an inflatable cuff or oro- 
pharyngeal packing. He advocates the former because of its margin of safety and 
the latter because of the desire for drainage of secretion around the tracheal tube in 
addition to aspiration through it. 

Wednesday afternoon was spent at the Massachusetts Institute of Technology 
"it* 1 '*• Horton who has done a large amount of research on the explosion 
hazard, lie demonstrated the explosibilitv of various mixtures of gases and 
showed that certain proportions of oxygen, ethylene, and cyclopropane, with the 
ox> »A*n n ati\eh high and the other gases in such proportions as to produce anv 
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1’)’“"’ " t ' “''''stlicsm, urn numnilamnmhh, mi.f will even quem-h a flume, So tech- 
niijiU' Imil ns Vet been worked out Id insure tin • confimmuce of the mixture within 
the required limits in the netiml clinical ndminisf radon of anesthesia. Horton 
also demmi.xt rated the prevention of accumulation of dangerous charges of static 
eleetrifitj lis the use of inetn) intereonpling with interposed resistance nml by ihe 
use of conductive rulilwr shoe soles, apparatus parts, urn 1 flooring. 

At the 1 -alley Clinic Building on .Monday afternoon the anesthesia staff presented 
an excellent program. Woodbridge /rave their statistics for I fgfft. S i s e reviewed 
intravenous anesthesia nml gave many exeellent p oiuts concerning the principles, 
precautions nml imiimgemunt. U, H. Evorsolo ami I*. H. Xahey discussed post- 
operative hronchoscopic aspiration therapy. There was a symposium on ali 
types ot spinal anesthesia. In another discussion stress was placed upon the anes- 
thetist's preoperative visit for the coordination of the preanesthetic medication 
with the patient’s physical and mental status, the anesthetic to ho selected, and 
the operation to he performed. 


R IS PORT OK TUI-} TWENTY-SIXTH ANNUAL MEETING 


OK THE 

RADIOLOGICAL .SOCIETY OK NORTH AMERICA, 
CLEVELAND, OHIO, DEC. 2-6, 1940 


C. X. BoKMAN, Jt.l)., ill-VNKAI'OU-S, Mr.wv. 

(From the Deportment of Uailioloyy anil Physical Therapy of the 
University of Minnesota) 


T HE annual meeting of the Radiological Society of Xorth America was char- 
acterized by the attention given to matters of military interest. W. Herbert 
McGuffin, of Calgary, Canada, reported on a survey of recruits for the Canadian 
army, busing his observations on single film examinations of the chest of 10,000 
onrollees. The chief interest centered about the basis of rejection and the classi- 
fication of those examined. Recruits wore placed in four classes: (1) those fit 
for full-time military service, (2) those tit for restricted military duty, (3) those 
fit for service in Canada alone, (4) those totally unfit for any military duty. 
Briefly, congenital, valvular, or hypertensive heart cases were placed in Class -1. 
Evidence of fibrotic tuberculosis under 21 years of age or of pneumoconiosis also 
placed the recruit in Class 4. Surgical or chest consultants are frequently called 
la to determine classification in more questionable lesions. Cases of active tuber- 
•ulosis are not allowed to return to work in their respective communities without 
first undergoing observation and supervision, because of the potential menace to 

public health. 


. <r t j l0 gymposiuni on War-Time Roentgenology which occupied one-half of 
,u t ° seas i on Major Alfred A. DeLorimier discussed in detail the new army 
a day s s e ’ qu ipnient, with complete plans for x-ray service from evacuation 
portable hospital centers. Excellent apparatus 1 

\ -ith the mobile units permitting complete fluoroscopic and film ex- 
made, v, w ith the surgical units. An efficient foreign body iocal- 


portamv j* j ccll ters. Excellent apparatus has been designed and is 

units to the uase J,uc ’v 

Jjgjllg _ , 

animation in CO!1 ^ U .” C a p ar t 0 f the x-ray setup and a demonstration of extremely 
[station apparatus 1S ^ ^ un i versa lly employed, was a feature of the army 

rapid localization, nnrtable processing tanks have been perfected, complete 

apparatus display. Since P 
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film examination is available 'with all portable units. Present plans and equip- 
ment permit complete examination while the patient is on a stretcher, thereby 
avoiding moving of the wounded onto a table. Plans are being made for the use 
of low-voltage therapy in the evacuation or temporary centers. This may be 
an important adjunct to early surgical care of potential gas gangrene cases. 

Roentgentherapy in Cancer of the Breast Used Preoperatively or in Non- 
operated Cases constituted the basis of a report by Maurice Benz, of the Presby- 
terian Hospital, New York City. The possibility of complete cancer cell steriliza- 
tion by this means appeared quite remote. Of 40 cases, 16 were shown to have 
distant metastasis at the time of surgery. A large number of cases, deemed sur- 
gically incurable, have received roentgen therapy alone, since survival rates 
probably are better than in those cases submitting to surgery' even though ad- 
mittedly incurable. 

Late results in 33 eases of benign giant cell tumors of bone were reported 
by Traian Leucutia, of the Harper Hospital, Detroit. Eighteen cases had radia- 
tion therapy alone, and on the basis of the five-year end results this method was 
considered the one of choice. Disadvantages of surgical intervention are: (1) 
infection is not a rare surgical complication (it never occurred in the irradiated 
series) ; (2) filling in with bone after application of eseliarotics is often not satis- 
factory and reossification occurs faster in the irradiated group; (3) eseliarotics 
may' act as irritants and result in late malignant degeneration. Most of the cases 
shown had good bone regeneration after a period of five to ten yuars and the 
anatomic and functional results were excellent. The method of therapy em- 
ployed was that of repeated gradually decreasing doses, usually' begun with a 
course of 525 r in air, with 200 kv. computed on the basis of a 20 by' 20 cm. 
field. Usually 0 to S series, each dosage decreased by 10 per cent, extending over 
a period of two years, was employed. Especially good regeneration was noted in 
children. Restricted use of the extremity during treatment was recommended to 
obviate temporary' bone decalcification, and possible secondary fracture. Dis- 
cussants of the paper brought out the danger of not biopsying these lesions, since 
malignant sarcomas often mask the picture; also the danger of irradiating joints 
(epiphyses) of young children because of growth interference was emphasized. 
Cystic lesions about the knee joint were pointed out as being particularly prone 
to show malignant changes. 


Paul A, Zahl, of the Memorial Hospital, New York City', discussed his experi- 
mental studies on the localization of lit ilium- containing dye in certain tumors in 
mice after intravenous injection. Since lithium atoms release tremendous ener- 
gies, for surpassing the ionizing power of the electron, and since this violent 
release of energy occurs when the lithium atom captures “slow neutrons,’’ the 
use of slow neutrons on lithiated tumors has been considered from the therapy 
standpoint. Analysis of the injected mice showed twice the concentration of lithium 
in the tumors us compared to surrounding normal tissue. Theoretically' this will 
permit the release of three times ns much energy- in tire tumor as in the normal 
tissue. One of the difficulties encountered lias been the production of a high 
enough differential concentration of lithium between tumor and normal tissue; 
as a result the destructive effects cannot be localized to the tumor, unless it is in 
a readily accessible locution. Another diilioulty may also be encountered in 
obtaining proper slow neutron concentrations in the tumors. 


The Metabolism of Radioactive Phosphorus by Malignant Neoplasms in Hitman 
Beings formed the basis of a report by John M. Kenney, also of the Memorial 
Hospital, Now lark City. Small “tracer doses’’ of radioactive phosphorus, oralh- 
ndimmsterod, tune been given to patients will, lympliosareoma, inoperable car- 
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plum* of uuosthcsiu, are nonintlumiimblo and will even quench a flame. No tech- 
"i(| u, ‘ llml as .vet ln-i>n worked out to insure the continuance of the mixture within 
tile required limits in the aetuui clinical administration of anesthesia. Horton 
ahso demonstrated the prevention of ueeuimilation of dangerous charges of static 
electricity l>v the use of metal intereoupling with interposed resistance and by the 
use of conductive rubber shoe soles, apparatus parts, and flooring. 

At the I -alley (linie Building on Monday afternoon the anesthesia start presented 
an exeellent pro-rum. Woodbrid-e gave their statistics for H>3!>. Sine reviewed 
intravenous uuesthesiu and gave many excellent points concerning the principles, 
precautions mid management. U. H. Eversolc and E. H. Eahey discussed post- 
operutive brouchoscopte aspiration therapy. There was a symposium on all 
types ot spinal anesthesia. In another discussion stress was placed upon the anes- 
thetist ’s preoperative visit tor the coordination of the prearicsthctic medication 
with the patient’s physical and mental status, the anesthetic to be selected, and 
the operation to be performed. 


REPORT OF TUB TWENTY-SIXTH ANNUAL MEETING 

OF THE 

RADIOLOGICAL SOCIETY OF NORTH AMERICA, 
CLEVELAND, OHIO, DEC. 2-6, 1940 


C. N. Do it max, M.D., Minneapolis, Minx. 

(From the Department of Itadioloyy and Physical Therapy of the 
University of Minnesota) 


T IIE annual meeting of the Radiological Society of North America was char- 
acterized by the attention given to matters of military interest. W. Herbert 
McGuflin, of Calgary, Canada, reported on a survey of recruits for the Canadian 
army, basing his observations ou single iilm examinations of the chest of 10,000 
enrollees. The chief interest centered about the basis of rejection and the classi- 
fication of those examined. Recruits were placed in four classes: (1) those lit 
for full-time military service, (2) those lit for restricted military duty, (3) those 
lit for service in Canada alone, (4) those totally unfit for any military duty. 
Briefly, congenital, valvular, or hypertensive heart cases were placed in Class 4. 
Evidence of fibrotic tuberculosis under 21 years of age or of pneumoconiosis also 
diced the recruit in Class 4. Surgical or chest consultants are frequently called 
in to determine classification in more questionable lesions. Cases of active tuber- 
culosis ire not allowed to return to work in their respective communities without 
first undergoing observation and supervision, because of the potential menace to 


public health. 

■ - the Symposium on War-Time Roentgenology which occupied one-half of 
^"“"session Major Alfred A. DeLorimier discussed in detail the new army 
a day s se s g quipme „t, with complete plans for x-ray service from evacuation 
portable x hospital centers. Excellent apparatus has been designed and is 

units to t ie ‘ ^ nl0 hile units permitting complete fluoroscopic and film ex- 

being made, " 1 ‘ uct ; on with the surgical units. An efficient foreign body local- 
amination m conj ^ r j. ^ jj te x - r ay setup and a demonstration of extremely 
izatiou apparatus l - ^ un i versa lly employed, was a feature of the army 

rapid localization, as portable processing tanks have been perfected, complete 
apparatus display- * 

”~ReceW cd for publication, December 13. tS40. 
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to fibrosis and tumor bed changes was emphasized. The more beneficial effect 
from radium applied after the external irradiation may be due to removal of 
infection in the cervix, since the presence of infection may produce a lessening 
of the degree of radiosensitivity of the tumor. 'Radium application by means of 
intracervical capsules and tubes in the fornices (colpostat) simultaneously in 
all possible instances appeared to be a recognized and preferable practice. Axel 
N. Arneson, St. Louis, indicated his best results were obtained in cases having 
had radium needle insertion and external irradiation applied simultaneously. 

Mnv M. Peet, University of Michigan, discussed his experiences with ven- 
triculography in brain tumor diagnosis. He stressed the value of determining 
the extent, location, and approximate size of the lesion, and indicated that this 
procedure is used in almost every case of brain tumor. A single posterolateral 
approach was advocated rather than, the usual bilateral posterior trephining, and 
oxygen has replaced other substances as a contrast medium. 

Gilbert Thomas, Minneapolis, Minn., emphasized the need for repeated bi- 
lateral retrograde pyelograms in the diagnosis and treatment of early renal tuber- 
culosis. In most cases, because of the difficulty in proper preparation of the 
tuberculous patient, intravenous urograms are unsatisfactory for detecting the 
early lesion. The frequency of diffuse lesions by hematogenous spread means that 
the kidney should always be considered with suspicion in the presence of other 
distant lesions, such as bone or joint tuberculosis. A single negative pyelographie 
study does not rule out renal tuberculosis. 

Claude S. Beck, Cleveland, Ohio, presented a cinematographic demonstration of 
lesions producing compression of the heart, in addition to his discussion of that 
subject. He prefers to class heart lesions in two large groups: extrinsic and in- 
trinsic lesions. In extrinsic lesions, if the abnormality can be surgically cor- 
rected, the patient may be cured. Three chief extrinsic lesions producing inter- 
ference with heart function as revealed by the pulse and blood pressure are: 
(1) angulation by adhesions, (2) torsion or rotation (dislocation), and (3) com- 
pression by fluid or scar tissue. His discourse concerned itself primarily with 
compression of the heart by scar tissue. Objection to the term “adhesive peri- 
carditis’’ was voiced, since adhesions to the heart do not compress the heart, 
and in Beck’s opinion do not in themselves interfere with heart action. Con- 
strictive pericarditis or scar tissue, which may form on any chamber or chambers, 
results in actual compression, decrease in volume capacity, and in a characteristic 
and unmistakable clinical picture. The outstanding features are a small, quiet 
heart, evidence of venous pressure elevation and widespread pressure congestion 
(enlarged liver and spleen, ascites, edema, distention of veins of neck). A num- 
ber of cases were demonstrated, the spectacular surgical procedures shown very 
clearlv by means of motion, pictures taken during the operations, and the final end 
results demonstrated on patients who have long since returned to work. Post- 
operative external drainage is not attempted. 

Diaphragmatic Hernia of the Stomach was discussed by David Beilin, of 
Chicago. He stressed the increasing frequency of diagnosis and pointed out the 
importance of differentiating the true paraesophageal hernias from the true dia- 
phragmatic congenital defects (foramina). These are often best shown in the 
lateral view. George Crile, Jr. (discussant), Cleveland, Ohio, pointed out that 
surgical repair is often not difficult; it is unfortunate that clinicians often do not 
consider surgical repair because of the impression that the surgical procedure is 
111 Ul0,r m,mU - !l formidable one. Crile believes the transpleural approach is 
usually not necessary. The “short esophagus’’ must be ruled out before con- 
U'mi>luttng surgery. 
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cinomu of tho breast, anil osteogenic sarcoma of bone. After live to seven days, 
biopsies were made of llio lesions; tho percentage of tlio phosphorus retained in 
relation to the amount given, after deducting 25 per cent for loss of excretion, 
was calculated. This again was reduced to terms of "equivalent roentgens” 
present in the particular tumor. In curtain cases as high as 1,000 to 1,5 00 equiva- 
lent r could lie demonstrated in the nodes of lymphosarcoma. Sizeable doses were 
also demonstrated in metastatic nodes of inoperable carcinoma of the breast. 
Osteogenic sarcoma apparently absorbed more than any other tissue, and it was 
staled that it may he possible to give from .‘1,0(10 to 1,000 equivalent r to the 
tumor and lymph nodes. What effect this would have on the patient was not 
stated, since the amount of radioactive substance that may be tolerated by the 
body as a whole is as yet speculative. 

Carloton B. Picrco, Montreal, Canada, described a new roentgen finding which 
indicates the presence of fat and hemorrhagic fluid in certain traumatic fractures 
about tho knee. In the supine lateral position a fluid level was demonstrated 
with what appeared to bo gas above the fluid level. There was no evidence of 
skin puncture. Further investigation showed a fracture of the head of tho tibia 
with liberation of fat from the bone marrow, producing a layered shadow over 
the hemorrhagic fluid. Accordingly, in lateral Aims made in the supine position 
this layering phenomenon is due to fat and fluid iu tho bursae and indicates the 
presence of an intra-articular fracture, even though tho fracture line itself may 
not bo visible. 

A symposium on Methods In Irradiation Treatment of Carcinoma of the Cervix 
Uteri was participated in by It. K. Newell, Stanford University, B. S. Stone, 
University of California Medical School, anil S. T. Cantrel, Seattle, Wash. 

Iu Stage I (Leaguo of Nations) lesions, if and when a case can be so classified, 
radium ulouo was recommended. Stone suggested surgical removal later if the 
ease is operable. Ia the remaining stages (II, III, IV) external high voltage 
irradiation followed by radium application was generally agreed upon. It was 
emphasized that preliminary external irradiation was primarily designed for para- 
metrial involvement. The advantage of using x-rays first was attributed to the 
favorable effect on infection aud hemorrhage and to the reduction in size of the 
tumor and cervix, thereby permitting more effectual radium application. In all 
instances radium was relied upon to control tho primary' cervical lesion, but was 
not considered effectual for the parametrial region. The great danger of error 
in classifying Stage I cases (lesion localized to cervix) was pointed out by r Stone; 
he quoted Taussig’s operative figures wherein 25 to 33 per cent of so-called Stage 
I eases were found to havo metastatic node Involvement. Likewise, in Stage II 
and III cases 15 to 50 per cent and iu Stage IV eases GG per cent had node 
involvement. The iliac aud hypogastric nodes, obturator, ureteral, and sacral 
nodes may be considered primary and the more distance nodes as secondary. 
Five to twenty per cent of cases may have primary node involvement without 
evidence of parametrial spread, and iu 5 to 10 per cent of Stage I and II 
an ^ t ) 16re may be secondary' node metastasis without evidence of primary node 
cases, However, 90 per cent of Stage I and II cases have metastases 

mvo veme ^ rimary ’lymph nodes. A proper selection of fields of irradiation 
limitei thes0 area3 s0 t ] iat j n a full course of therapy these regions receive 
includes a permisgible and t ], e highest salvage possible may logically be 

the niaximu necessity for individualization of treatment in each case was 
expected. ie os igts an d discussants. The interval between completion of 
stressed by tne ‘ ^ ra diation application received some consideration. Sug- 

external irradia l0a y ronl " a few days” to within “a period of two weeks.” 
aested intervals ) ane , the possibility of development of radioresistance due 
If too long a period elapsed, 



Vol. 9 


No. 3 


SURGERY 

. March, 1941 


Original Communications 


CHRONIC ABDOMINAL PAIN DUE TO HYPOGLYCEMIA 

With a Note on the Pathogenesis of Neurotic Symptomatology 
Benjamin P. Sandler, M.D., New York, N. Y. 

(From the Medical Clinic, Morrisania City Hospital) 

T HIS report describes a group of five patients who had long histories 
of recurrent attacks of abdominal pain due to unrecognized hypo- 
glycemia. All had undergone thorough investigations in which all pos- 
sible procedures were employed with the exception of the glucose toler- 
ance test. Laparotomy was advised as a last resort. Appendectomy was 
performed three times; cholecystectomy and herniorrhaphy, once each. 
However, pain recurred and when the patients returned with their origi- 
nal complaints it was thought that they were confirmed neurotics or that 
they had postoperative adhesions. In addition to the pain the patients 
had neurologic manifestations of hypoglycemia which were not accorded 
their proper significance. Such manifestations were headache, nervous- 
ness, dizziness, sweats, faintness, and syncope. No doubt the recital of 
such complaints by a patient with abdominal pain would serve to stamp 
him as a neurotic, a term which is much overworked in medicine. If 
such symptoms are interpreted as hypoglycemic manifestations the true 
nature of the syndrome will become clear. Two female patients in the 
group had headaches of such frequency and severity as to necessitate 
investigation for brain tumor. One of these patients went through 
encephalography twice. 

Hypoglycemia as a cause of abdominal pain lias been reported by 
various authors. 1 ' 0 The most successful form of therapy has been the 
employment of low carbohydrate diets with increased protein and fat 
(carbohydrate, To to 100 Grn.; protein, 75 to 125 Gin.; fat, 100 to 150 
fun.). Between meals and at bedtime the patient is instructed to take 
a glass of milk or milk and cream or tomato juice, with a cracker and 
butter or cheese. Bedtime feeding is especially indicated in eases of 
nocturn al pain. Relief from pain may be attained after a few days or 

Ueccl veil for publication. April 22. 12 IQ. 
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William S. Altman, of Belli Israel Hospital, 1 Ion ton, pointed out tliu value of 
Fractional Cholangiography in both immediate mid postoperative roentgen exami- 
nation of the common duet, lie recommended the use of to 5 c.e. of diodrast 
(10 per cent) with films made either on the operating tn Ide or inter in the x-ray 
department. After an interval of ten to fifteen minutes a .second injection, 
through the eatheteri/ed common duct, of from 10 to 15 c.e. is made, and films are 
again taken. The preliminary small injection often demonstrates filling defects 
that are ohsenred h y larger amounts of dye, and similarly filling defects may be 
conclusively demonstrated with the larger amount that were indefinite with a 
small amount. In 7S per cent of eases this fractional method of dye injection has 
been of distinct value. The sphincter of Oddi appears to he best demonstrated 
with the small injection. Caution should he exercised in exerting pressure dur- 
ing injection, since spasm of the sphincter may ho induced. Amyl nitrite inhala- 
tion is of value in determining' temporary spasm, since relaxation commonly fol- 
lows its inhalation. 


Clinical and Roentgen Manifestations of Gastrocolic Fistulas was discussed 
l>v Max Kitvo and E. J. McDonald, of Boston. While the clinical picture often 
suggests the diagnosis, the roentgen demonstration of the fistulous tract by means 
of the barium meal or barium enema examination constitutes conclusive diagnostic 
evidence. The importance of an early conclusive diagnosis was stressed since the 
mortality is high unless prompt surgical intervention and correction supervenes. 

The need for prompt recognition of the fact that Intrathoracic Neurofibromas 
are often benign, usually surgically removable lesions, which do not respond to 
irradiation therapy, and are first detected by means of posteroanterior and lateral 
roentgenograms of the chest, was stressed by Karl Kornblum and Howard H. 
Bradshaw, of Jefferson Medical College, Philadelphia. These lesions, which are 
usually closely associated with the spine and represent a frequent posterior 
mediastinal tumor, can often be conclusively demonstrated in chest film examina- 
tions, which is the most important single diagnostic procedure. He stressed the 
constancy of their posterior position. They may become malignant and should be 
extirpated completely whenever possible. 


Adrenal Tumors and the Use of Air Insufflation in Diagnosis was discussed by 
Dr. George F. Cahill, of New York City. Two hundred cases having symptoms 
of adrenal tumor, in which air insufflation of the pararenal fascial space was 
done, were reported. By means of this contrast method, Cahill was able to demon- 
strate that the vast majority of these cases were not due to adrenal tumors. 
Lurvo carcinomas of the cortex were clearly demonstrated in certain cases and 
smaller hormonal secreting tumors of the cortex were also shown. In the hor- 
monal medullary tumors diagnosis even with air insufflation was difficult because 
of their slight density and the occurrence of the tumors in the ganglia outside 
the adrenal. The author reported no accidents due to air insufflation, but empha- 
sized the possibility of accident if air insufflation is done in the large tumors in 
which extensive dilatation of veins is present. During the discussion it was 
" <»ht out that a number of fatalities have resulted from air embolism follow- 
brou H j )nt Calvill felt that these were due to poor selection of eases. 



SANDLER: ABDOMINAL PAIN DUE TO HYPOGLYCEMIA 


333 


These investigators concluded that the hypoglycemia affects the central 
nervous system and stimuli reach the abdominal viscera through the 
vagus. La Barre and Destree 9 found that a fall to 75 mg. in human 
beings stimulated gastric contractions; whereas, a fall to 45 mg. caused 
gastric atony. 

From such experimental data one may justifiably attribute abdominal 
pam and nervous symptoms in patients with hypoglycemia to the ab- 
normal fall in blood sugar concentration. The fact that a low carbo- 
hydrate diet by overcoming such abnormal behavior in blood sugar regu- 
a ion can prevent the attacks is further confirmation that such a mecha- 
nism is responsible for the pain. These patients usually have relief from 
pain on taking food. Such relief may be attributed to the rise in blood 
sugar that follows the ingestion of food. Spontaneous relief from pain 
may he attributed to the rise in blood sugar that follows the mobilization 
t glucose from liver glycogen by the liberation of adrenalin, a protective 
ee lamsm which comes into play at hypoglycemic levels. 10 It is gen- 
en Lf acee P ted that symptoms, such as tremors, sweating, pallor, tachy- 
, palpitatlon > occurring during hypoglycemic episodes, are 
‘ ^ due t0 s l uch adrenal-sympathetic activity and may be regarded 

action ofTdrenaHn reaCtl0nS accompanyin S the essential glycogenolytic 
The pain in hypoglycemic patients may be generalized or localized. It 

ndWiLT^fVV 116 epigastrium ’ t0 tbe ri § ht "PPer quadrant with 
to thVw!° ,, h L ba , d \ aUd Sh0uldei ’ t0 either of tlle lower quadrants, or 
"lveerrn l 1 ^ ° f -, the abdomen - Apparently in each patient the hvpo- 
v a L , a tei * dency to stimulate the same group of neurons in the 
and tbe Particular segment of the gastrointestinal tract 

strong . ie bl Iary tract) innervated by these neurons undergoes 
a ontraction, which may even become tetanic. 

Patents remained on a low carbohydrate diet they had 

intake thev Went baek to their former high carbohydrate 

4tted sLr t 1 ^ J ad T mTenCe aftei> S6Veral days ' This is be 
increases Vl™ b66n demonstrated that a high carbohydrate intake 
It is „„ t0 C , ranCC Wlth resulta,lt lowering of blood sugar levels.” 
sion of the ™ l” t ie SC °f e ° f this paper t0 enter iut° a detailed diseus- 
ahout l hei. C i a T m W C ? by a Iow carbohydrate diet actually brings 
explanation? t W i leVels ’ H ° WCvei ’ some consideration of the 
coined t tm ^ ^ is “ ^ When Harris first 

order sufferod b> p f ms i uhnis,n hc implied that patients with this dis- 

hydrate rich tra d, ® < ! harse of insil,in °u the ingestion of earbo- 

low carboh -diate ’l S r l resaltinff in hypoglycemia. On a 

-u Ul . )oll J diate diet such stimulation of the pancreas and hvpo- 


re- 


Rlyeemia wontdL • , “ imu,anon the pancreas and h; 
lieves the svmnt L a '®‘ 1 dod ' f uu ‘ e a low carbohydrate diet usually 

blood . Pt , 0t byP °" lyoe,n!a and since it actually brings about 
•md r gaV eV f’ sueh an explanation seems tenable. Reeentlv 
aUd (;0 - W01 ' k — 13 have shown that the rate of discharge of 
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weeks, because such a diet elevates and stabilizes blood sugar levels 

(Fig. 1 ). 

^\s to the mechanism responsible for the abdominal pain, the experi- 
mental injection ot’ insulin into normal human beings and dogs lias 
yielded pertinent data. Bulatao and Carlson 7 injected twenty to forty 
units of insulin subcutaneously into dogs. When the blood sugar was 
between SO and 70 mg. there was an increase in gastric tone and in the 
height and frequency of contractions, gradually developing into tetany. 
They state that “as the blood sugar falls to convulsion level the stomach 
motor mechanism usually shows alternate periods of atony and tetany, 



Fit-. 1. — The effect of various meals on the blood sugar in a patient with chronic 
hypoglycemia whose chief complaint was severe headache. This patient is not in- 
cluded in tiie live cases reported in detail, but the response of the blood sugar to the 
various meals Is typical of the response obtained in all patients investigated. Curve 
A shows the glucose tolerance after 100 Gm. of glucose ; Curve B shows the course 
of the blood sugar after a high carbohydrate meal consisting of one orange, a bowl 
of oatmeal two rolls, and a cup of sweetened coffee ; Curve C shows the course after a 
low carbohydrate meal consisting of one orange, two eggs, one thin slice of bread and 
butter a glass of milk to which 1 oz. of cream was added. About two hours after 
this nieal the patient took a glass of milk. 

the inhibition predominating.” Quigley, Johnson, and Solomon 8 in- 
jected twelve to twenty units of insulin into normal fasting human he- 
in°'s. In about forty-five to ninety minutes following the injection sub- 
jective sensations, such as restlessness, weakness, hunger, and sweating, 
appeared. Soon there was increased gastric motility and as this became 
more marked subjective sensations with an “uncomfortable feeling of 
tension or pressure or pain referred to the stomach ’ ’ often accompanied 
by lassitude or weakness appeared. Headache, nervousness, dizziness, 
vasomotor instability, irritability, and ill temper may appear. Sub- 
jective symptoms passed off after the subjects took fruit juice. They 
observed that “in persons with more stable nervous organization strong 
hunger may be present without the other accessory phenomena except 
hyper excitability, and, conversely, in some persons the feeling of weak- 
ness and headache may be so marked as to crowd out the hunger pangs.” 
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These investigators concluded that the hypoglycemia affects the central 
nervous system and stimuli reach the abdominal viscera through the 
vagus. La Barre and Destree 9 found that a fall to 75 mg. in human 
beings stimulated gastric contractions; whereas, a fall to 45 mg. caused 
gastric atony. 

Prom such experimental data one may justifiably attribute abdominal 
pain and nervous symptoms in patients with hypoglycemia to the ab- 
normal fall in blood sugar concentration. The fact that a low carbo- 
hydrate diet by overcoming such abnormal behavior in blood sugar regu- 
lation can prevent the attacks is further confirmation that such a mecha- 
nism is responsible for the pain. These patients usually have relief from 
pain on taking food. Such relief may be attributed to the rise in blood 
sugar that follows the ingestion of food. Spontaneous relief from pain 
may he attributed to the rise in blood sugar that follows the mobilization 
of glucose from liver glycogen by the liberation of adrenalin, a protective 
mechanism which comes into play at hypoglycemic levels. 10 It is gen- 
erally accepted that symptoms, such as tremors, sweating, pallor, tachy- 
cardia, and palpitation, occurring during hypoglycemic episodes, are 
actually due to such adrenal-sympathetic activity and may he regarded 
as unpleasant side reactions accompanying the essential glycogenolytic 
action of adrenalin. 

The pain in hypoglycemic patients may be generalized or localized. It 
may be localized to the epigastrium, to the right upper quadrant with 
radiation to the back and shoulder, to either of the lower quadrants, or 
to the lower half of the abdomen. Apparently in each patient the hypo- 
glycemia has a tendency to stimulate the same group of neurons in the 
vagal nucleus, and the particular segment of the gastrointestinal tract 
(including the biliary tract) innervated by these neurons undergoes 
strong contraction, which may even beeome tetanic. 

As long as the patients remained on a low carbohydrate diet they had 
no pain. Whenever they went back to their former high carbohydrate 
intake they usually had recurrence after several days. This is to be 


expected since it has been demonstrated that a high carbohydrate intake 
increases sugar tolerance with resultant lowering of blood sugar levels. 11 

It is not within the scope of this paper to enter into a detailed discus- 
sion of the mechanism whereby a low carbohydrate diet actually brings 
about higher blood sugar levels. However, some consideration of the 
explanations that have been offered is in order. When Harris first 


corned the term hvperinsulinisin he implied that patients with this dis- 
order suffered an extra discharge of insulin on the ingestion of carbo- 
hydrate rich foods, such discharge resulting in hypoglycemia. On a 
low carbohydrate diet such stimulation of the pancreas and liypo- 
gl> eemia would be avoided. Since a low carbohydrate diet usually rc- 
ie\os the symptoms of hypoglycemia and since it actually brings about 
ugher blood sugar levels, such an explanation seems tenable. Recently. 
Soskin and co-workers 1 -- 13 have shown that the rate of discharge of 
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weeks, because such a diet, elevates and stabilizes blood sugar levels 
(Fig. .1). 

As to llio mechanism responsible for the abdominal pain, the experi- 
mental injection of insulin into normal human beings and dogs has 
yielded pertinent data. Bulatao and G'arfsotr injected twenty to forty 
units of insulin subcutaneously into dogs. When the blood sugar was 
between 80 and 70 mg. there was an increase in gastric tone and in the 
height and frequency of contractions, gradually developing into tetany. 
They state that “as the blood sugar falls to convulsion level the stomach 
motor mechanism usually shows alternate periods of atony and tetany. 



Fig. 1. — The effect of various meals on the blood sugar in a patient with chrome 
hypoglycemia whose chief complaint was severe headache. This patient is not in- 
cluded in die five cases reported in detail, but the response of the blood sugar to the 
various meals is typical of the response obtained in all patients investigated. Curve 
A shows the glucose tolerance after 100 Gm. of glucose ; Curve B shows the course 
of the blood sugar after a high carbohydrate meal consisting- of one orange, a bowl 
of oatmeal two rolls, and a cup of sweetened coffee ; Curve C shows the course after a 
low carbohydrate meal consisting of one orange, two eggs, one thin slice of bread and 
butter a "lass of milk to which 1 oz. of cream was added. About two hours after 
this meal the patient took a glass of milk. 


the inhibition predominating.” Quigley, Johnson, and Solomon s in- 
jected twelve to twenty units of insulin into normal fasting human be- 
ings In about forty-five to ninety minutes following the injection sub- 
jective sensations, such as restlessness, weakness, hunger, and sweating, 
appeared. Soon there was increased gastric motility and as this became 
more marked subjective sensations with an “uncomfortable feeling of 
tension or pressure or pain referred to the stomach ’ ’ often accompanied 
l lassitude or weakness appeared. Headache, nervousness, dizziness, 
vasomotor instability, irritability, and ill temper may appear. Sub- 
• t' -e symptoms passed off after the subjects took fruit juice. They 
I ee , j '-^ at “in persons with more stable nervous organization strong 
■ sel v p res ent without the other accessory phenomena except 

hunger raay conversely, in some persons the feeling of weak- 

hyperexci a i > ’ so mar i ie( j as to crowd out the hunger pangs.” 

ness and headacne 
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glucose from the liver is an important factor in the regulation of blood 
sugar levels. During the fasting state the blood sugar is derived wholly 
from the breakdown of liver glycogen. These workers found that when 
glucose was injected intravenously into a dog the liver output of glucose 
was inhibited and was not resumed at its usual rate until the blood sugar 
level had fallen to the previous fasting value. They further found that 
the greater the amount of glucose injected, the greater the inhibition 
of liver output. Further, if the inhibition was great enough the resump- 
tion of liver output may be delayed long enough to permit the blood 
sugar to fall to hypoglycemic levels. These workers also showed that 
such hypoglycemia was not due to an extra discharge of insulin. 

Applying these experimental findings to patients with chronic hypo- 
glycemia one may state that the ingestion of carbohydrate rich foods 
inhibits the liver output of glucose to such an extent as to bring about 
hypoglycemia. On a low carbohydrate intake such suppression of liver 
output is avoided and subsequent hypoglycemia prevented. During the 
fasting state the blood sugar is maintained by the breakdown of liver 
glycogen. It is obvious that the amount of glycogen stored in the liver 
will determine the amount of glucose liberated into the blood stream 
and the ultimate blood sugar level. A glycogen poor liver will thus be 
an important factor in the production of hypoglycemia. 

It has also been established that tissues consume oxygen in proportion 
as they utilize glucose. This is especially so in the case of tissues with 
respiratory quotients of unity, such as the brain, which burns glucose 
practically exclusively' for energy' purposes. Dames heir, Myerson, and 
Stephenson 14 found that during insulin hypoglycemia in man there was 
a diminished oxygen consumption by the brain. Himwich and Fazekas 15 
found that during insulin hypoglymemia in dogs there was a considerable 
fall in the oxygen consumption of the brain. Holmes , 16 Dickens and 
Greville , 17 and Wortis , 18 using the Barcroft-Warburg technique, found 
that the oxygen consumption of excised pieces of brain, spinal cord, 
heart, testis, kidney, and spleen fell as the amount of glucose in the 
nutrient medium was reduced. During hypoglymemia, in patients with 
this disorder, there will be an asphyxia of the brain of mild, moderate, 
or severe degree, depending on the degree of hypoglycemia. This re- 
duction in oxygen consumption of the brain will readily explain the 
many and varied neurologic and so-called neurotic symptoms associated 


with hypoglycemia. .... t . _ 

Fortunately hypoglycemia and its symptoms are reversible. However, 
f tal cases have been reported and cerebral lesions, especially hemor- 
have been observed . 19 I mention this matter of hemorrhage 
wLe patients with hypoglycemia show a tendency to bleed, manifest 
11t , nQ pnistaxis, the coughing-up of clots, coffee-ground vomitus, 
clinically occasionally frank rectal bleeding. Such bleeding dis- 

tarry stoo , ' nt for the metabolic disorder is instituted. The 

appears when origin, although it may be profuse at times, 

bleeding is capillary in > 
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The capillary wall itself must suffer some injury as a result of the 
metabolic disturbance. Increased capillary permeability with escape 
of fluid into surrounding brain tissues may explain the headache of 
hypoglycemia. The relief from headache frequently obtained with coal- 
tar drugs, such as aspirin, may be due to the fact that one of the effects 
of such drugs is their ability to raise the blood sugar. 

CASE REPORTS 

Case 1. — S. P., white male, aged 41 years, first attended the medical clinic in 
July, 1936, because of frequent attacks of abdominal pain of two months’ duration. 
He had pneumonia at 9 years of age and gonorrhea at 16 years of age. He had 
a tonsillectomy in 1934 for frequent sore throats. In 1935 a urethral stricture had 
to be dilated. He was married, with a wife and four children living and well. 
He was a laundry worker. He smoked about ten cigarettes a day and took alcohol 
rarely. 

In May, 1936, he began to have almost daily attacks of right-sided abdominal 
pain radiating to the lumbar region, usually coming on between 4:00 and 6:00 A.M., 
waking him from sleep. The pain was severe, and he would get up and walk about 
the room for about one-half hour until relieved. Sometimes the pain did not sub- 
side until he ate breakfast. Epigastric burning, belching, and sour eructations, 
but no vomiting, often accompanied the attacks. He also gave a history of tarry 
stools. He visited the clinic at frequent intervals during the summer of 1936. 
General physical and neurologic examinations revealed no abnormalities. The 
Mood Wasserraann test was negative. Blood counts and urinalyses were normal. 
Roentgen examinations of the gastrointestinal, biliary, and genito-urinary tracts 
revealed no abnormality. He was admitted to the surgical ward for further ob- 
servation on Sept. 12, 1936. On the ward he had his usual attacks of pain and, 
since no further clues as to etiology were uncovered, an exploratory laparotomy was 
performed on Sept. 29 under general anesthesia. At operation no organic disease 
was demonstrable and a normal appendix was removed. His postoperative course 
was stormy. On the second day he had signs of a right middle lobe pneumonia with 
much distention and cramps. On Oct. 3 the wound was found gaping with visible 
coils of intestine. On Oct. 4 he had an attack of unconsciousness without convul- 
sions. He improved slowly thereafter, although he sweated much at night. He 
was discharged on the tliirty-fourth postoperative day. His attacks of pain 
promptly recurred and he returned to the clinic at frequent intervals during 1936 
and 1937. He was first seen by me in August, 1937, still complaining of his 
pains. In view of the negative physical, laboratory, roentgenologic, and operative 
findings I regarded him as a neurotic and prescribed placebos, but without improve- 
ment. The patient was of phlegmatic temperament and not likely to be neurotic. 
In December, 1937, he complained of occipital headache, sweats, and attacks of 
faintness. These complaints were not of recent origin but had not been stressed 
by the patient because they were overshadowed by the abdominal symptoms. These 
nervous symptoms suggested hypoglycemic episodes and a glucose tolerance test 
on Dec. 22, 1937, revealed: fasting 54; one-half hour, 11 3; 1 hour, 92; 2 hours, 79; 

hours, 35; 4 hours, 77. He was put on a low carbohydrate diet at once with 
feedings between meals and at bedtime. At the end of two weeks he reported 
that he had less belching and sour eructations and that the attacks of pain were 
fewer, less severe, and of shorter duration. At the end of four weeks he reported 
complete freedom from pain, belching, and eructations. The headaches nnd 
sweats became more infrequent and disappeared completely after two months. He 
had no more tarry stools. Now, after two years he continues symptom free. 
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Comment .— The occurrence of pain in this patient only during the 
early morning hours was due no doubt to the fact that the blood sugar 
reached its lowest level during the nocturnal fast. Blood sugar studies 
on other hypoglycemic patients with nocturnal symptoms have revealed 
Hint the occurrence of such symptoms coincides with low blood sugar 
levels at such times. Their occurrence at these hours may best be at- 
tributed to low liver glycogen reserves. As was stated previously, the 
blood sugar level during fast is maintained by the breakdown of liver 
glycogen. If such glycogen stores are low the blood sugar will not be 
maintained at normal levels; i.e., around 100 mg. The fact that it took 
about three weeks for his attacks of pain to cease completely and several 
weeks for his headaches and night sweats to disappear suggests that 
some profound bodily changes, such as an increase in glycogen stores, 
had to take place before blood sugar levels could be elevated and main- 
tained at more normal levels. The attack of unconsciousness on the 
tenth postoperative day was undoubtedly a hypoglycemic episode, espe- 
cially since the food intake was much reduced during this postoperative 
period and liver glycogen stores were further depleted. As to the 
evisceration I can only speculate. I have observed another patient, not 
included in this group, who had a blood sugar of 50 mg. during a toler- 
ance test, and who two years before eviscerated following a cholecystec- 
tomy for gallstones. In view of the fact that cellular oxidations are 
reduced during hypoglycemia it is very likely that the metabolic 
processes concerned with growth and repair are not proceeding normally 
and the wound healing is delajmd or defective. I have observed rapid 
healing of indolent infected wounds and ulcers following the institution 
of a low carbohydrate diet both in patients with frank hypoglycemia 
and in patients with more normal sugar levels. Benedict and Car- 
penter 20 have shown that there is a far greater oxygen consumption and 
heat production after the ingestion of protein rich foods than after the 
ingestion of carbohydrate rich foods. 

Case 2, — E. McC., white male, 50 years of age, first attended the medical clinic 
on May 22, 1937, complaining of frequent attacks of abdominal pain and vomiting 
of 1 year's duration. His past history repealed no major illnesses. He took no 
•ilcoliol and smoked moderately. He had been employed as a restaurant worker. 
Because of loss of strength and marked tremors of the hands he was alwa3‘s drop- 
ping cups and glassware and had to quit his job. 

The attacks of pain began in June, 1936. At that time they occurred at two- 
intervals. As time went on the interval shortened so that by May, 1937, 

^ " m re owning every four to six days. The pain was generalized and severe, 
they wer ^ groins and testicles. Attacks lasted four to six hours, would 

often ra ia 1 aa( . a]ieoug iy ; anf ] would leave him prostrate. Vomiting always nc- 
disappear spo no f. re ]ieve him. On questioning lie said the vomitus 

compamed t lese o g groun ds. During attacks he had a "dragging sensa- 

sometimes resem faint, nervous, and had sweats. The attacks occurred 

tion" in tlie abdomen,^ about three or four hours after a heavy meal. His appe- 
only during the aa) an n f ra jd to eat since he noted that an attack was more 
tito was good but he ws * 
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likely to follow a hearty meal. As a result he lost twenty-five pounds in twelve 
months ’ time. He also had had severe frontal headaches for several years. 

Physical examination revealed a thin, nervous, apprehensive individual. Most 
of his teeth were missing. The thyroid gland was diffusely enlarged hut not pul- 
sating. There were coarse tremors of the outstretched hands, which were cold and 
damp. The heart and lungs were normal. The abdomen was soft and nontender. 
The liver edge was felt about two fingerbreadtlis below the right costal margin. 
There was a readily reducible incomplete left inguinal hernia of several years’ 
duration. There were no abnormal neurologic signs. The clinical picture suggested 
hyperthyroidism but the basal metabolic rate was plus 1. The electrocardiogram 
revealed no abnormality. The blood Vfassermann test was negative. Blood and 
urine examinations revealed no abnormalities. Roentgenologic and fluoroscopic ex- 
amination of the gastrointestinal tract revealed no abnormality. He was hos- 
pitalized for further study on June 26, 1937. An attending physician made the 
following note: “The patient has a reducible left inguinal hernia, hut I’m not 
sure that this is the cause of the abdominal pain, vomiting, and loss of 25 pounds. ’ ’ 
Two stool examinations were positive for occult blood. He had attacks of pain 
while on the ward. As a last resort, a hernia repair was advised, hoping to relieve 
him of his pain. He was operated upon July 9 under general anesthesia. His 
postoperative course was stormy. On July 20 his temperature rose to 104° H. with 
signs in the right chest of an early pneumonia. The wound became infected and 
he developed an ischiorectal abscess which had to be drained. He was discharged 
on the twenty-first postoperative day. His attacks of pain promptly recurred with 
the same frequency and intensity. He returned to the clinic at frequent intervals 
and was given various forms of medication without relief. He was first seen by 
me in January, 1938. Impressed with the history of headaches, nervousness, sweats, 
and feeling of faintness that accompanied the attacks of pain, a glucose tolerance 
test was done on Jan. 1, 1938. This revealed: fasting 75; one-half hour, 100; 
1 hour, 95; 2 hours, 55; 3 hours, 45; 4 hours, 45. He was put at once on a low 
carbohydrate diet with between-meal feedings. In the ensuing four weeks he had 
only two attacks of pain, which were much less severe and of much shorter duration. 
After the fourth week the attacks ceased altogether and never recurred. At the 
end of two months he had gained 7 pounds and had fewer headaches, tremors, and 
sweats. His general nervousness and “shakiness’’ disappeared more slowly. Now, 
after two years, he has regained 20 pounds and has not had a single attack of 
pain in twenty-throe months. He has been able to do hard manual labor without 
fatigue. Of course, lie is still on a low carbohydrate diet. 

Comment . — In contrast with Case 1 this patient had no noeturnal 
pain. His attacks would come on three or four hours after a “heavy 
meal,” and for an individual on the relief roll a heavy meal contains 
much bread, potatoes, sugar, etc. In keeping with the explanation for 
the hypoglycemia offered by Soskin and his co-workers, one might say 
that the ingestion of the heavy meal suppressed markedly the liver out- 
put of glucose. The blood sugar values obtained in the tolerance test 
after 100 Gm. of glucose show a progressive fall after the first hour, 
reaching the low level of 45 mg. in the third and fourth hours. This 
paradoxical behavior of the blood sugar following the ingestion of 100 
inn. of glucose, in the present state of our knowledge, is best explained 
by the results of Soslan’s work. 

This patient s bouts of pain often lasted four to six hours before 

citing up. One might say that the adrenal-svmpathetie mechanism was 



338 


SURGERY 


deficient, in that it failed to mobilize glucose from liver glycogen stores 
or that the glycogen stores were inadequate. Since his symptoms, such 
as tremors, nervousness, sweats, indicated adequate adrenal-sympathetic 
activity, it is more likely that the liver glycogen stores were depleted. 
Where liver glycogen stores are nearer normal, the bouts of pain should 
not last as long as six hours. The fact that patients, after being put on 
a low carbohydrate diet, have attacks of pain during the first few weeks, 
but of shorter duration and of lesser severity, suggests that the glycogen 
stores are being replenished so that when adrenalin is liberated in re- 
sponse to a fall in blood sugar the glycogenolytic response is adequate. 

The patient’s tremors, general nervousness, and sweats did not dis- 
appear completely until after five months, although they gradually 
lessened in severity after about two months. Since these symptoms are 
due most likely to sympathetic activity stimulated by the tendency to 
hypoglycemia, their disappearance depends on the restoration of the 
blood sugar to normal levels. The fact that the attacks of pain dis- 
appeared completely after four weeks suggests that a moderate elevation 
in blood sugar levels was sufficient to prevent pain but insufficient to 
relieve him of the nervous s.vmptoms. It thus becomes evident that pro- 
found bodily changes must take place in order to bring about normal 
blood sugar regulation, and in some patients these changes can be ac- 
complished only after several weeks or months. 

This patient’s postoperative course was also stormy. He had a right 
lower lobe pneumonia and a wound infection and developed an ischio- 
rectal abscess which had to be drained. 

The change in the physical and mental status in this patient after a 
year was most remarkable. The transformation from a thin, nervous, 
“jitter y,” apprehensive individual, incapacitated by pain and weak- 
ness, to a buoyant, robust, willing worker was most gratifying. 


Case 3. — S. B., white male, 3G years of age, single, was first seen in April, 193S, 
complaining of attacks of right upper quadrant pain since the age of 1 years. 
Past history revealed mild hydrocephalus in infancy and tonsillectomies at the 
ages of 7 and IS years. The attacks of pain occurred every one to three weeks, 
lasted several hours, were accompanied by vomiting, and left him with a soreness 
in the upper abdomen that persisted for from twenty-four to thirty-six hours. The 
pain radiated to the right shoulder just as in biliary colic. There was never any 
' ndice At the age of 21 years his gall bladder was removed at another institu- 
tion (It was impossible to get a description of the organ.) During the first 
operative week he had an attack of pain just like his previous ones. After 
?? , f ro m the hospital the attacks recurred with the same frequency, inten- 
tisc iarg^ rar jiation. Between attacks lie feels all right and can eat any kind of 
sity, an , ag j on g as f iv0 months without a seizure and feels best during 



, * headaches, cold sensations along ouui sums, uumi 

f TI i^e. LS-, «"« n~>- »' 

m doui , revealed a thin, somewhat nervous, introspective individual. 

physical examina 1 a j rjq ie heart and lungs revealed no abnormality. The 

The head and neck were n 
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blood pressure was 110/S0. The abdomen revealed a well-healed right upper 
quadrant scar. There was no tenderness or rigidity. The extremities were normal. 
The blood Wassennann test was negative. Blood counts and urinalyses were 
normal. X-ray studies were not done since none was especially indicated. Chronic 
hypoglycemia was suspected because of the varied nervous symptoms. A glucose 
tolerance test done in April, 193S, revealed: fasting 65; one-half hour, 145; 1 hour, 
100; 2 hours, 70; 3 hours, 70; 4 hours, 50. He was put on a low carbohydrate 
diet at once with feedings between meals. The attacks of pain stopped at once 
and he has had no further attacks up to the present time of writing, January, 
1940. The episodes of weakness, chills, pallor, and sweats have likewise disap- 
peared. 

Comment . — The response to the change in diet in this patient was 
most dramatic in view of the twenty -nine-year history. The attacks 
stopped at once. It is very likely that the gall bladder removed was a 
normal one and the surgeon felt that its removal might relieve the pa- 
tient of further pain simply because there would be no gall bladder 
present to contract. Since the localization and radiation of the pain 
after the operation were the same as before removal of the gall bladder, 
it is likely that the common duet, or the hepatic ducts, were being stimu- 
lated to strong contraction. That a correct diagnosis of chronic hypo- 
glycemia should have been made in 1923 when the patient was operated 
upon is not to he expected since Harris published his first paper on the 
subject in 1924. 

The patient’s attacks began at the age of 7 years and occurred at 
intervals of one to three weeks. Between attacks he felt all right. If 
the bouts of pain were due to an inflammatory disease or stone, the 
course of the disease would have progressed in a few years to some stage 
requiring surgery. Pain due to biliary tract inflammation or stone does 
not manifest itself in this fashion over a long period of years. Now 
that the cause of the pain is definitely established, the syndrome could 
only have been caused by some labile mechanism that could come at in- 
tervals, cause much pain and discomfort for twenty-four to thirty-six 
hours, and then disappear. Such a reversible mechanism as a disturb- 
ance in blood sugar regulation fits in very well. While the patient had 
a chronic hypoglycemia, it may be said that the metabolic disturbance 
became aggravated periodically, at which time the hypoglycemia became 
more marked and brought on the bouts of pain. Since recovery from 
an attack was always spontaneous after twenty-four to thirty-six hours, 
such recovery may be attributed to the body’s defense mechanisms 
capable of overcoming tbe hypoglycemia bv mobilizing glycogen stores. 
Such mechanisms would be the adrenal-sympathetic system, the thyroid 
gland, and the anterior lobe of the pituitary. It is conceivable that 
these opposing hyperglycemic forces may respond beyond the point 
necessary to overcome the hypoglycemia and that their combined ac- 
tivity persists for several days or longer. The patient’s diet with its 
high carbohydrate intake would then tend to increase the tolerance to 

glucose, depress the blood sugar levels again, and the cvcle would be 
repeated. * ^ 
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Casl '1 . >S. M,, u liilc feninlc, 28 years of ago, single, was first seen by me 
in December, 1938, complaining of attacks of epigastric and right lower quadrant 
pain and headaches of about seventeen years’ duration. In recent years 
these Imd become almost, daily occurrences. She lmd had the usual childhood 
diseases. Since the age of 11 years she had been subject to frequent attacks of 
abdominal pain, localized at times to file epigastrium and at times to the right 
lower quadrant. The pain in the epigastrium was crainplike, lasted a few minutes 
to one-half hour, was frequently accompanied by epigastric burning sensation and 
occasionally by nausea. She never vomited. The pain would come on one or two 
hours after a meal and disappear spontaneously. Sometimes she would get a sharp, 
severe, right lower quadrant pain lasting as long as two hours, accompanied by 
weakness, sweating, and dizziness. The headaches occurred almost daily and were 
described as ’ 1 terrific. ” They were not localized to any specific part of the head. 

The patient attended another clinic for several years because of her abdominal 
pain. Repeated physical examinations, various laboratory tests, and x-ray examina- 
tions of the gastrointestinal tract failed to yield clues as to the cause of her pain. 
An exploratory laparotomy was performed in September, 1934, and the appendix 
removed. The postoperative course was uneventful. The abdominal pain recurred 
shortly after site left the hospital. Pains and headaches continued during 1935, 
1936, and 1937. In May, 1937, she spent two weeks at a leading neurologic clinic 
undergoing investigation for possible brain tumor. No evidence of tumor was 
obtained. 

I first saw the patient in December, 193S. The history suggested chronic hypo- 
glycemia as the most likely diagnosis. Examination revealed a moderately nervous, 
tense, worried individual. There were no abnormal physical signs. The abdomen 
was completely negative except for a well-healed scar. A glucose tolerance test 
revealed the flat type of curve: fasting SO; 1 hour, S5; 2 hours, 77; 3 hours, SO. 
She was put on a low carbohydrate diet. She was unable to take some food be- 
tween meals because of the nature of her work. She was able to take some at 
bedtime. The abdominal pain stopped after one week. The headaches became 
milder and less frequent after two months but did not disappear completely until 
after four months. She became less nervous and jittery and volunteered that she 
“felt like a new person.’’ A few times she went back to her former high carbo- 
hydrate diet and each time she had recurrence of pain and headache after seven 
to ten days. She lost eight pounds, going from 132 pounds to 124 pounds in the 
first two weeks on the diet. She then regained 9 pounds in the following four 
weeks and has remained at 133 pounds right along. At present, after thirteen 
months, she continues symptom free. 

Comment. The most dramatic feature in this case was the prompt 

cessation of pain. The headaches ceased after four months although 
they started to become less severe after two months. This same type of 
response was observed in Cases 1 and 2; i.e., the pain disappeared much 
sooner than did the headache. 

Although the attacks of abdominal pain and headache are due to the 
f 11 in blood sugar, the ingestion of food usually affords relief from pain 
ta . oner t jj an relief from headache. In the ease of pain the fall 
muc i s effects the vagal neurons which then stimulate smooth 

m bloo ™“ ntract v ig oroU sly. The rise in blood sugar following food 
muscle o ‘ rges t ],i s mechanism and pain disappears after several 
intake rea i 3 p a ; n due to simple hyperperistalsis will dis- 

minutes or one-hail not • 
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appear sooner than pain due to sustained tetanic contraction. Head- 
ache, on the other hand, often persists for hours in spite of recovery 
from hypoglycemia and suggests that the mechanism responsible for it 
is not so readily reversed. As mentioned previously, there is probably an 
escape of fluid through the capillary walls into the brain substance. 


Case 5. — C. S., white female, aged 23 years, single, was admitted to Jlorrisania 
Hospital on Sept. 22, 1937, complaining of severe headaches, dizziness, abdominal 
pain, loss of weight, and attacks of unconsciousness since 1930. She had had 
usual childhood diseases and an attack of pneumonia at 6 years of age. 

In 1930 at the age of 16 years she began to have severe left-sided parietal head- 
aches, which would last several hours, make her quit her work or whatever she 
was doing and go to bed. Weakness, dizziness, and nausea often accompanied these 
headaches. Vomiting frequently terminated them. At first the headaches occurred 
at weekly intervals. After a year they came on two to three times a week. She 
also had recurrent attacks of epigastric pain, tightness, or soreness, which were 
often relieved by eating. 


The patient lived in a small Pennsylvania town. In 1932 she was admitted to 
the local general hospital for observation. A workup was negative and she was 
discharged with a diagnosis of migraine. In 1933 she was employed as secretary 
in a physician’s office. An x-ray examination of the stomach and duodenum 
showed no abnormality. Because of the persistence of the abdominal pain, appen- 
dectomy was advised. Tliis was done but she was not relieved. In 1934 she was 
admitted to another hospital in Pennsylvania where the only positive finding was 
a moderate hypertension of 150/100. In February, 1935, she spent three weeks 
at a leading neurologic clinic in Philadelphia. Repeated neurologic examinations 
were negative. Special examinations, such as x-rays of the skull, visual fields, and 
encephalograms, were negative. In 1936 she attended the out-patient department 
of a New York City hospital, where x-ray examinations were made of the stomach 
and duodenum and the biliary tract. These were negative. The blood pressure 
on two occasions was found to be 130/SS and 140/S6. A fasting blood sugar was 
102 mg. She was given a course of injections of calcium lactate for the migraine, 
but without relief. During the first six months of 1937 she had three attacks of 
unconsciousness without convulsions. These lasted about twenty minutes and re- 
covery was spontaneous. She had lost 26 pounds from 1930 to 1937. 


She was admitted to Morrisania Hospital on Sept. 22, 1937, and remained there 
until Nov. 22, 1937, undergoing a most thorough workup. Examination revealed 
an asthenic, worried, intelligent individual. There were few positive findings. The 
disks were poorly outlined but not elevated. The retinal veins were engorged, but 
no hemorrhages or exudates were seen. The blood pressure was 132/SO. There 
was a small area of tenderness without rigidity on deep pressure just to the left 
of the umbilicus. The following special tests were done and reported as negative: 
visual fields, vestibular tests, basal metabolism, x-rays of the skull, encephalograms, 
blood and spinal fluid serologic tests, blood counts, and urinalyses. Three speci- 
mens of urine failed to reveal the presence of follicle stimulating hormone. Single 
blood sugar specimens were reported to be 75, 105, 100, and 90 mg. The patient 
had headaches about twice a week during her stay in the hospital. These were 
severe, lasted six to ten hours, and forced her to go to bed. On Oct. 17, 1937 the 
intern mndc the following note: <‘11:50 a.m.: Patient has excruciating head- 
aehe In view of previous report of low blood sugar (75 mg.) during episode of 
Item ai 1C, -> C.C. of o0 per cent glucose injected intravenously. EfTect to be noted. 
1:.»0 i\M.: laUent is now free of headache and feels fine. At 12:20 p.m about 
2tl minutes after glucose was given patient states that her head became ‘lighter.’ 
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At I - . .10 r. Jr. she was free of pain. This symptomatic relief warrants considera- 
tion of a hypoglycemic state as the cause of these headaches. ” On another occa- 
sion the patient was not relieved so readily by glucose. Glucose tolerance test 
Oct. 20, .1037, revealed: fasting 80; one-half hour, 85; 1 hour, 80; 2 hours, 80; 
3 hours, SO, the “Hat” type of curve. A second test Oct. 2.0, 1037, revealed: fast- 
ing 00; one-half hour, 100; 1 hour, SO; 2 hours, 05; 3 hours, 75; 4 hours, 00. 
The patient was discharged on 3Tov. 22, 1.037, and returned to her home in Penn- 
sylvania. She was told to stay on a low carbohydrate diet. I have been in touch 
with her by mail. The abdominal pain, tightness, and soreness have been much 
milder and she has been free of them for long intervals. The headaches have been 
just as frequent, although many have lasted for much shorter periods of time. 
She reports that her appetite is always poor and she is unable to take as much 
food ns the diet calls for. She had no attacks of unconsciousness during 1P3S. 
Late in 1939 slie had two sucli seizures. 

Comment. — Just why this patient did not respond to the change in 
diet as did the other four patients is difficult to say. Her headaches 
were far more severe than those suffered by the others, suggesting that 
site had a more seriously deranged carbohydrate metabolism. My own 
experience suggests that patients who give the flat type of curve in 
the tolerance test respond less readily to the change in diet than do 
patients with other types of curves. The fact that the blood sugar 
values in the flat curve are often found to be in the low normal range, 
i.e., SO to 90 mg., compared with the fall to marked hypoglycemia, 35 to 
50 mg. as observed in other curves, suggests that there are certain un- 
known factors responsible for the variation in response to the ingestion 
of glucose. In general, the more severe the hypoglycemia, the better the 
response to therapy, since it is an easy matter to raise the blood sugar 
levels in such eases. It appears, then, that in patients with the flat 
type of curve even on a low carbohydrate diet the liberation of glucose 
from the liver is greatly inhibited. De Takats and Cuthbert 21 have 
shown that there is an increase in the storage and fixation of glycogen in 
the liver after suprarenal denervation and splanchnic section on normal 
do°-s. These workers also suggested that clinically there may occur a 
block which inhibits the breakdown of liver glycogen. Such a block may 
conceivably occur in patients in whom the sympathetic nervous system 
is deficient or in whom the parasympathetic is preponderant. 

Dorst 22 has successfully treated with small doses of insulin a group 
f uatients with the flat type of curve. This response to insulin would 
tend to disprove that such fixation of liver glycogen is due to an excess 
of endogenous insulin. 

DISCUSSION 

vvn -1 nntv five cases of chronic hypoglycemia are reported in this 

^inie y ^ conclusions expressed are based on observations 

paper, the i e< . ‘ m ^ er 0 f patients with abdominal pain due to hypo- 
made on a mi'g ei cases were selected from the group only because 
glycemia. These me 
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they had undergone laparotomy. Chronic hypoglycemia is a common 
disorder masquerading as pseudouleer, chronic appendicitis, abdominal 
migraine, abdominal angina, effort syndrome, neurocirculatory asthenia, 
larval hyperthyroidism, etc. The fact that the great majority of pa- 
tients respond to a low carbohydrate diet suggests that the fundamental 
cause of the metabolic disturbance is the continued ingestion of a high 
carbohydrate diet which contains 200 Gm. or more of carbohydrate daily. 
The diet employed in treatment allows around 100 Gm. of cai’bohydrate 
daily. This amount may be increased gradually as long as the patient 
continues symptom free. 

Patients with unrecognized hypoglycemia are often labeled neurotics 
because no evidence of organic disease is present to account, for the ab- 
dominal and cerebral symptoms, and because such symptoms often dis- 
appear with change in environment, after a heart-to-heart talk with the 
physician, suggestive therapy, and placebos. Further, such symptoms 
may be aggravated by, or may recur following, psychic trauma, mental 
upsets, financial and domestic difficulties. It occurred to me that such 
unpleasant environmental factors could bring about visceral and mental 
symptoms by deranging the carbohydrate metabolism. Sudden bad 
news, for example, could bring on abdominal pain, or even syncope, by 
causing a sharp fall in the blood sugar. The following observations 
which I made on patients not included in the cases reported but included 
in the larger unoperated group illustrate the effect of unpleasant physi- 
cal and psychic experiences on the blood sugar. 

Hypoglycemia and Syncope Following Venipuncture (Fig. 2 ). — A 
white male, aged 50 years, reported to the clinic for a glucose tolerance 
test in the morning after an all-night fast. The patient fell unconscious 
about three minutes after the venipuncture, was unconscious for two 
minutes, and recovered spontaneously. The fasting blood sugar was 
95 mg. On recovery from syncope, it was 65 mg. It is very likely that 
the blood sugar had fallen to even lower than 65 mg. and was on the rise 
when the second specimen was drawn since regain of consciousness must 
have depended on recovery from hypoglycemia. Such recovery may be 
attributed to the liberation of adrenalin. The pallor and cold sweat 
in syncope are evidence of such adrenal-sympathetic activity. I suggest 
that the syncope was due to the sudden fall in blood sugar precipitated 
by the unpleasant experience; namely, the venipuncture. Such a sharp 
fall in blood sugar may result from a cessation in the liver output. of 
glucose mediated by a nervous or humoral mechanism. 


Hypoglycemia Following Sudden Bad Hews (Fig. 3). — A white male, 
aged 17 years, with a long history of abdominal pain due to hvpo 
glyceinia, was suddenly informed that he was to be operated upon the 
next day. lie was obviously upset, appeared pale, and described a feel- 
ing of faintness m the precordium and abdomen. He regained com- 
posure after several minutes concomitant with a rise in blood sugar. The 
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fall m blood sugar was not, as great or as rapid as in the patient who 
fainted after venipuncture, but it was of sufficient magnitude to cause 
moderate visceral discomfort. 



Time in Minutes 

Fig-. 2 . — Syncope following venipuncture at start of a glucose tolerance test. At 
9:00 A.W. fasting blood sugar was drawn. At 9:01 the patient was given 100 Gin. 
of glucose in 250 c.c. iced water. At 9:02 he appeared pale and nervous. At 9:03 
he fell unconscious to the floor. At. 9:05 lie recovered spontaneously, at which time 
the second blood specimen was drawn. 



pj„ o At A control blood specimen was drawn and subject was told that he was 

to be operated upon the next day. At B blood specimen was drawn and the patient 
said he had a "weak feeling" in the region of the heart and stomach. At C he felt 
worse appeared anxious and pale. At D patient regained composure and said he felt 
better. 

It lias long been known that emotional disturbances may cause hyper- 
glycemia and glycosuria. Such hyperglycemia has been regarded as a 
defense mechanism in that it increases the amount of glucose available 
for energy purposes during a period of stress. It is very likely that 
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immediately following: a sudden unpleasant change in environment there 
is a transient hypoglycemia which is responsible for the unpleasant 
visceral and mental sensations, such as faintness, abdominal discomfort 
and pain, nervousness, tremors, pallor, tachycardia, and palpitation, 
which go to make up what we call fright and fear. Recovery from this 
phase and efforts made to protect the organism depend on a subsequent 
hyperglycemia. The individual who faints or who makes no attempt to 
defend himself probably has no such hyperglycemia. 

Through a similar mechanism, chronic psychic trauma may cause 
chronic symptomatology by derangement of the mechanism controlling 
carbohydrate metabolism and blood sugar regulation. It is a matter of 
common knowledge that diabetes is often aggravated by worry or other 
unpleasant emotional states. This adverse effect is manifest by an in- 
crease in the hyperglycemia, signifying that the glucose is not being 
utilized and is accumulating in the blood. In severe cases the diabetes 
may become uncontrollable and lead to acidosis and coma. The final 
common effect, in both diabetics and nondiabetics, of such emotional 
states will be the same; namely, a decreased glucose and oxygen con- 
sumption. Abdominal pain, headache, and dizziness, occurring under 
such circumstances in both diabetics and nondiabctics, will be due to this 
final common effect. Thus may be explained the abdominal pain fre- 
quently encountered during diabetic acidosis; it is due to the reduced 
glucose utilization and disappears when such utilization is restored 
with insulin. 

It is thus apparent that the mechanism governing carbohydrate me- 
tabolism and blood sugar regulation is a sensitive one and is especially 
influenced by the emotional state of the patient. Carbohydrate me- 
tabolism may thus be unfavorably influenced by a high carbohydrate 
intake and by psychic trauma. Since it is often difficult to remove the 
latter, much may be done by dietary management. If, then, a patient 
presents himself with symptoms obviously due to psychic trauma, lie 
may be relieved of such symptoms by either removing the cause, i.e., the 
trauma, or by elevation and stabilization of blood sugar levels with a 
low carbohydrate diet. On such a diet the unfavorable effect on the 
blood sugar brought on by the psychic trauma is neutralized and symp- 
toms are prevented. We have, therefore, a medium whereby unpleasant 
emotional states may give rise to a variety of functional symptoms. By 
depression of blood sugar levels such emotional states may reduce the 
amount of glucose available for cellular utilization and indirectly reduce 
the oxygen consumption in the organism. The function of every cell 
that utilizes glucose as a source of energy will therefore be affected. The 
severity of the functional disorder will depend on the magnitude of the 
derangement of the carbohydrate metabolism, and whether or not the 
changes in cellular function are reversible. 
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The Relationship Between Fluctuations in Blood Sugar and the 
Hunger Mechanism. — Normally, after a meal, the blood sugar rises to 
around 320 mg. in the first hour, 130 mg. in the second hour, 140 mg. 
in the third hour, and then falls to previous fasting levels, around 80 to 
100 ing., during the fourth hour. The only symptom that should occur 
during the period of decline is the sensation of hunger. The fall in 
blood sugar stimulates the vagus which in turn causes an increase in 
gastric motility and tone. Cannon and Washburn 23 showed that 
“strong contraction of the muscle fibers of the wholly empty stomach, 
whereby its cavity disappears, makes a part of the sensation which we 
call hunger.” Dickson and Wilson 24 injected insulin into human beings 
and noted that there was an increase in tone, depth, and rate of 
peristalsis of the stomach about an hour after the injection, when the 
blood sugar was around 70 mg. As was shown by Bulatao and Carlson 7 
in dogs, and by La Barrc and Destree 9 in human beings, gastric motility 
was replaced by atony when the blood sugar was depressed still further. 
This explains the loss of hunger and the sensation of epigastric hollow- 
ness and emptiness encountered in patients with chronic hypoglycemia 
where the blood sugar may be maintained for long periods at hypo- 
glycemic levels. Further, in patients who give the flat type of curve 
in the tolerance test, as an additional cause for the lack of hunger, is the 
absence of adequate fluctuation in blood sugar levels necessary to stimu- 
late the hunger mechanism. 


A most common complaint in individuals after psychic trauma or 
during periods of worry is loss of hunger sensation. In the neurotic dis- 
order, anorexia nervosa, the glucose tolerance is abnormal and the curves 
obtained are chiefly of the flat type. Return of hunger, gain in weight, 
and improvement in mental status, regardless of the therapeutic measures 


employed, are associated with an improvement in the carbohydrate me- 
tabolism. The following is from a recent paper by Ross. 25 He writes, 
"The conception of anorexia nervosa put forward is that . . . the 


physiological factor of impaired glucose tolerance with a slowly falling 
alimentary hyperglycemia leads to a failure of hunger and the impair- 
ment of one element of appetite — a normal gastric tonicity. ... It 
seems clear, then, that there is a relationship, be it causal or coincident, 
between the gastric manifestations of hunger and a fall in blood sugar 
level and it would be strange if it were merely coincident. If it is 
6V ’■> then a reasonably rapid fall of alimentary hyperglycemia back 


f s tin level is necessary for the regular occurrence of hunger; and 

^ ® i «« n unnonnoKIv crr\nA (rlnnnon fnlprnnpn 77 


, n * i nl0W is dependent on a reasonably good glucose tolerance.” 
this tall we J .. . - 

state that the psychic trauma responsible for anorexia 

0116 disrupted the blood sugar regulatory mechanism which now 

nervosa 1oss of ] mnge r and a variety of symptoms. Complete 

brings in is Mc trauma , if this is possible, usually cures the pa- 

removal or 1 • removal restores the regulatory mechanism 

tient. One may say tnat ns 
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(o its normal status. Where complete removal is impossible, other 
measures, such as psychotherapy, psychoanalysis, suggestive therapy, 
hypodermic injections of inert solutions, or time with its ability to make 
one forget, may cure the patient. These varied therapeutic measures 
apparently accomplish a final common effect; namely, a restoration to 
normal of the carbohydrate metabolism. 


SUMMARY 


Five patients with long histories of recurrent attacks of abdominal 
pain are reported. In four patients laparotomy failed to disclose or- 
ganic cause for the pain. Appendectomy was performed in three pa- 
tients and cholecystectomy in one. A herniorrhaphy was done in the 
fifth patient. These procedures afforded no relief. In addition to the 
pain all five patients had nervous manifestations of hypoglycemia which 
which were not accorded their proper significance. Glucose tolerance 
tests revealed increased tolerance in all. Low carbohydrate diets 
afforded relief from pain and other nervous symptoms. Glucose toler- 
ance tests should be done along with x-ray studies in cases of obseure 
abdominal pain. 

The adverse effect of unpleasant emotional states on carbohydrate 
metabolism is discussed. It is suggested that such a derangement in 
carbohydrate metabolism may serve as a medium whereby psychic 
trauma may cause functional disorders. 


T wish to thank the following for their cooperation: Dr. Edward P. Flood, Director 
of ktohirine ilorrisania City Hospital, and Dr. Sol Biloon, Dr. TV. A. Roberts, and 
Dr D Greenberg, who made available the facilities of their respective wards. 
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ACUTE APPENDICITIS IN A SUBURBAN COMMUNITY 


John A. McCreery, M.D., New York, N. Y., and 
Howard P. Serrell, M.D., Greenwich, Conn. 

F OR SEVERAL years the mortality figures of acute appendicitis 
have been of increasing interest to surgeons and public health of- 
ficials. The importance of the subject is shown by a chart taken from 
the United States Bureau of Census for 1936, listing conditions which 
have been selected because of their surgical significance, omitting purely 
medical conditions. 

Much has been done to correct unsatisfactory conditions, but the 
countrywide mortality in 1936 was 12.8 per 100,000, exactly the same 
as it was in 1917. 1 

As might be expected, the figures are worse in the rural states due to 
the “mechanics of isolation” (Kreeh 3 ). Thus, in 1935 the rate in 
Idaho was 20, in Montana 20.2, in Utah 23.1, while in the same year in 
New York City the rate was 12.6 and in Philadelphia was 11. 

Philadelphia has taken the lead in attempting to control this mor- 
tality. Under the chairmanship of J. O. Bower, a Commission on Ap- 
pendicitis Mortality has worked in collaboration with the Boai'd of 
Health, the state and county medical societies, the Board of Education, 
and the Association of Retail Druggists, with gratifying results. Re- 
cently, Bower has reported that over a nine-year period the mortality 
among patients admitteed to twenty-eight Philadelphia hospitals has 
been reduced nearly 60 per cent. 2 Similar efforts throughout the coun- 
try would mean a saving of 9,600 lives annually in the United States. 

The efforts of the Philadelphia committee have been largely directed 
towards educating the public in the importance of abdominal pain last- 
ing more than a few hours; the danger of cathartics; and the impor- 
tance of calling in a physieian. 

Similar efforts have been made in New York City toward the reduc- 
tion of mortality from contagious diseases, with the result that, while 
in 1920 there were 2,876 deaths from measles, whooping cough, scarlet 
fever, diphtheria, typhoid, and epidemic meningitis, in 1933 the deaths 
from these diseases had fallen to 629, a reduction of 78 per cent. Yet 
in the same year the deaths from appendicitis rose from 792 to 1,149, 
a 45 per cent increase. 

In 1935 Krech presented to the New York Academy of Medicine an 
exhaustive study of acute appendicitis in the years 1921 and 1931 in 
fourteen of the better New York hospitals. He found a mortality rate 
of approximately 7 per cent in both years, although there was im- 
pi-ovement in earlier hospitalization and in a shorter time elapsing be- 
fore th e patient reached the operating room after admission. It was 
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interesting to note a marked increase in 3931 in the mortality in the 
older age groups, perhaps due to the ill effects of unemployment and 
economic stress. 

There have been other similar studies from larger communities, all 
with much the same figures. Among the more recent of these may be 
mentioned that of Patterson , 4 reporting 1,211 cases of acute appendicitis 
from the University Hospital, Iowa City, la., from 1919 to 1934, with 
a 5.2 per cent mortality. In this series there was practically no change 
in successive five-year periods. 


Concer of Stomach ond 
Duodenum 

APPENDICITIS 


Cancer of Uterus, 


Cancer of Intestines (except 
rectum and anus) 


Concer of Breast 


Hernia and Intestinal 
Obstruction 


Diseases of Preqnancu. 

Child birtf), etc. 


Peptic Ulcer, Other Diseases 
of Stomach (except cancer) 


Diseases of Call Bladder, 
Biliary Passages, Pancreas 

Cancer of Rectum and Anus 



Diseases of Thyroid and 
Paiathyrcd Glands 


Cancer,Osfeomyelifis ard 
Other Diseases of Banes 
(except tuberculosii) 


I 4-,5 69 


13.17/ 


ths from certain causes in the United States, 1936. (From the U. S. 
Fig. 1- Bureau of the Census, Vital Statistics Report, vol. 5, no. 41.) 

Like other writers, Patterson emphasizes the increase in mortality in 
the later age groups, his series having a mortality of 3.6 per cent in the 
gro up "of 11 to 49 years; 16.44 per cent for those over 50 years of 
° S Hobler, 5 reporting from the Methodist Episcopal Hospital in 
rf. G 11 m N Y, cites 2^260 eases from 1924 to 1934, witli a mortality 
Broo v y i • ’’ j Ie uotes Blade, who in 1932 reviewed reports from 

iMlmspItals, totaling S3, 144 cases, with an average mortality of 5.5 

per cent. „ serjes fro m the New York Hospital in 1920, 

Bancroft, P ® Hospital in 1935 to 1936, showed an essen- 


per cent respectively. 
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Selmllingeiy in a very thorough study of the Presbyterian Hospital 
(New York City) cases from 1916 to 1934, reported an average mor- 
tality rate of 5.0S per cent in a total of 2,653 cases, and quotes from 
various other hospital reports. He felt that there was a slight improve- 
ment over this period as a whole. 

The most recent reports come from Ravdin and co-workers, 8 who 
report from Hardin 's service in the Hospital of the University of Penn- 
sylvania. He divides his cases into those previous to and those after 
1936, coincident with a change to the consistent use of sulfanilamide in 
severe eases, especially if there is any peritoneal involvement. In the 
earlier group he had 8 deaths in 552 eases, a 1.4 per cent mortality, 
while in the later series there was 1 death in 357 cases, a rate of 0.4 per 
cent. These figures are the more striking in that acute catarrhal ap- 
pendicitis is not included. 

Arnheim and Neuhof 0 report from Netthof ’s service at Jit. Sinai Hos- 
pital 212 cases operated upon between 1931 and 1939 with 4 deaths (1.9 
per cent). 

This report is noteworthy for the absence of a fatal result in 40 con- 
secutive cases of appendicitis with abscess, the average in most other 
reports running from 5 to 10 per cent. They attribute their good re- 
sults to a meticulous operating technique, their pre- and postoperative 
care not differing markedly from that of other authors. 

Gile and Bowler 10 reported in 1934 their figures from Hanover, N. H., 
for a six-year period. Their figures were particularly interesting be- 
cause they were able to present two groups, one made up of Dartmouth 
College students living under fairly close control, the other made up 
of patients within the 75-mile radius served by the hospital. Both 
groups were cared for in the same hospital by the same surgeons. In 
the college group there were 110 cases with no deaths. Of these only 
1 had gone on to abscess, 1 to diffuse peritonitis. In the general group 
there were 791 with 17 deaths, a mortality of 2.15 per cent. In this 
group there were 29 abscesses, 21 eases of diffuse peritonitis. The total 
figures are 901 with 17 deaths, 1.89 per cent. 

Aside from the question of preoperative preparation, operative tech- 
nique and aftercare, the problem of appendix mortality is chiefly one 
of education, of the patient or his family in the importance of early 
medical care and the avoidance of self-medication, and of the physician 
in earl) diagnosis and early inference to the hospital. 

In discussing the possibilities of improvement, the general tendency 
is to emphasize early operation and the danger of catharsis. Sehul- 
linger perhaps presents the best summary of the factors in the mor- 
tality as follows: (1) fears and superstitions of hospitals and opera- 
tions; (2) cathartics to children for abdominal cramps; (3) purgatives 
and laxatives prescribed by pharmacists; (4) misinterpretation of ab- 
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(1 om i mil signs and symptoms; (5) medical treatment (morphine, rest, 
icebag) by local physician ; (6) the occasional operator. 

While ear])- operation is universally emphasized, it is becoming more 
clearly recognized that delay of a few hours to correct a depleted fluid 
balance by infusion is of more value in appropriate cases. Adopting 
this principle, Beckman 11 has been able to report 136 eases from the 
children’s surgical service of Bellevue Hospital with no deaths. 

It is in the late case, with signs of peritonitis not localizing, that the 
greatest difference of opinion exists. Both immediate operation or 
Ochsner treatment have their advocates and we believe that Patterson 4 
is correct when he says that treatment should be individualized and suit, 
the patient rather than be dogmatic. 

It seems that the advocates of Ochsner treatment should emphasize 
that it is a method that should be carried on in the hospital and under 
the supervision of the surgeon; otherwise the physician will naturally 
eome to believe that it is a method that can safely be carried ont in the 
home and without surgical aid, a belief that will quickly be reflected 
in a rising mortality rate. 

With the problem in part at least one of public education, and be- 
cause relatively few studies have been published from smaller commu- 
nities other than those of individual clinics and surgeons, it has seemed 
worth while to study the disease as it has occurred in Greenwich, Conn., 
a suburban community town of 40,000 with almost no factories, a well- 
trained medical group and a population whose “health sense” has twice 
won the annual health conservation certificate awarded by the United 
States Chamber of Commerce. 

During the period from June 1, 1933, to Dee. 31, 1939, 525 cases of 
acute appendicitis have been operated upon at the Greenwich Hospital. 
Interval operations and appendices removed in the course of operation 
for other primary diseases have not been included. No case has been 
included unless the pathologic report substantiated the diagnosis, with 
the exception of those in which an abscess was drained but the appendix 
not removed. 

Table I 


Age Groups and Relation to Mortality 


To 10 yr. 
10-20 yr. 
20-30 yr. 
30-40 yr. 

40-50 vr. 
50-00 yr. 
00-70 yr. 

70-80 yr. 
Not noted 


DEATHS 


40 

20 

14 

1 

1 


( 11 . 0 %)' 

(30.5%) 
(24.7%) | 
(12.5%% 

( 7 . 0 %)-) 

(3. S%) 1 73 

(2. 0%) f 


(0.19%% 


449 cases (mortality 0.2%) I 


cases (mortality S.0%) 
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This emphasizes, as do all published reports, that acute appendicitis 
is a disease of young adult life and that the mortality is greater in the 
later decades. Sprague 12 reports a mortality rate of 1.5 per cent in 
81.5 per cent of 1,463 eases from the Newark City Hospital between 
the ages of 10 and 40 years, but a 13.9 per cent mortality in the group 
from 40 to 80 years of age. 

Table II 

Duration* of Attack and E elation to Mortality 


deatiis 




To 12 hr. 

175 (33.5%)a 



12-24 hr. 

194 (36.9%) MG5 (mortality 0.8%) 



24-48 hr. 

96 (1S.2%)J 

1 


48-72 hr. 

22 (4.4%) A 

n 


72- 

32 (6.0%) f. 54 (mortality 11.0%) 

2 


Not noted 

6 (1.2%) J, 

1 


These figures are in line with others and emphasize the remark of 
Ashurst: 13 “There is no problem in acute appendicitis — the problems 
of appendicitis are the problems of its complications.” 

History . — One hundred and fifty-four patients had had previous at- 
tacks. 

The present attack as described in the records was typical in 505, 
atypical in 16, and not noted in 4. The first symptom was pain in 507 
eases, nausea and vomiting in 9, diarrhea in 9. 

Table III 


Catharsis 


Taken by 181 patients 

No record 97 

Ordered bv familv 

52 

None taken 

247 

Ordered by self 

84 

Oil 

30 

Ordered bv physician 

10 

Salts 

52 

Ordered bv druggist 

2 

Other 

56 

No note 

33 

Enema 

79 




Catharsis is usually noted as one of the causes of increased mortality, 
but its true importance is not yet determined. Catharsis is the one 
detail which is most likely to lie omitted in the intern’s history. Thus, 
Krech found no mention of catharsis in 69 per cent of the 1921 charts, 


Table IV 

Eelation of Cathaf.tics to Preoperative Delay 


entire 

SERIES (525) 

PATIENTS TAKING CATHARTICS (181) 

To 12 hr. 

12-24 hr. 

24-4S hr. 
4S-72 hr. 

72- hr. 

Not noted 

17o (33.5% )a 

194 (36.9%) l SS.6% 

96 (18.2%)J 

22 ( 4.4%) 

32 ( 6.0%) 

6 ( 1.2%) 

39 (21.5%) A 
75 (41.4%) t 
3S (20.9% )J 
7 ( 3.8%) 
22 (12.1%) 

83.8% 
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63 per cent of the 1931, while information was incomplete in 20 and 16 
per cent, respectively. 

While our figures represent a relatively small total, they are presented 
for what they are worth, and in part because we were surprised at the 
apparently slight effect of catharsis on delay in operation and on the 
extent of appendical involvement. 

It may be that Nature protects the patient from the effects of unwise 
catharsis by rejecting it. 

On the other hand, Bower 14 in reporting from 1928 to 1930 from Phila- 
delphia makes the statement that when : no cathartic was given in the 
acute attack, 1 in 80 died; one cathartic was given in the acute attack, 1 
in 13 died; two or more cathartics were given in the acute attack, 1 in 
7 died. 

It is our impression that cathartics may be more important as a cause 
of delay than in the actual local damage that they cause. 

Table V 

Relation of Catharsis to Pathologic State of Appendix 


ENTIRE SERIES (525) PATIENTS TAKING CATHARSIS (1S1) 


Without peritonitis 
Acute catarrhal 

70 (13.3%) A 

21 (11.6% )1 

Suppurative 

247 (47.0%) l 75.3% 

72 (39.7%) !- 77.8% 

Gangrenous 

79 (15.0% )J 

4S (26.5%)J 

Abscess 

37 ( 7.0%) 

12 ( 6.0%) 

Local peritonitis 

Suppurative and 
gangrenous 

56 (10.6%) 

15 ( 8.2%) 

Diffuse peritonitis 
Suppurative and 
gangrenous 

29 ( 5.5%) 

10 ( 5.5%) 

Not noted 

7 ( 1.3%) 

3 ( 1.6%) 


Diagnosis . — This was correct in 506 cases. In 12 the preoperative 
diagnosis could not be determined from the chart. The incorrect diag- 
noses were : perforated ulcer, 3 ; acute cholecystitis, 1 ; acute pan- 
creatitis, 1 ; ovarian cyst with twisted pedicle, 1 ; abscess of abdominal 


wall, 1. 


Table VT 


incision 
No record 
McBurney 
Split rectus 
Retracted rectus 

Midline 

Pfannenstiel 


40 

347 

42 

94 

1 

1 


DRAINAGE 
Peritoneal cavity 
Abdominal wall 
Abscess, appendix not 
removed 


122 

20 


f ■ the McBumey incision unless the diagnosis is question- 
We pre ei ^ ^ ves adequate exposure with minimum risk of 
able, feeling t j on an d that drainage through this incision, if 

peritoneal con au( j least likely to be followed by hernia. 
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Drainage follows the usual rules and is usually established by a soft 
cigarette drain. 

Pathology.— As one would expect, in view of the large number of 
early operations, the changes in 75 per cent of the cases were confined 
to the appendix. 

The differentiation between local and diffuse peritonitis is difficult to 
be sure of, the interpretations of the individual surgeons probably vary- 
ing considerably. 'Where the diagnosis as written did not check with 
the operative description, we have classified the case accoi'ding to the 
latter. 

Table VII 


AXtSTKESIk 


preliminary medication 


Avertin base followed bv G-O-E 

431 

Morphine and atropine 


G-O-E 

86 

Atropine 

210 

Spinal 

1 

Morphine 

19 

Drop etber 

5 

Codeine 

2 

No record 

2 

Nothing 

52 



No record 

2 


Obviously we are well satisfied with avertin as a basic anesthetic. We 
have not found the difficulties and danger in its use reported by 
Beecher 15 from the Massachusetts General Hospital where its use has 
been discontinued. In fairness it should be stated that we have an ade- 
quate and well-trained anesthetic and nursing staff, which we believe to 
be important when this anesthetic is used. The senior author, for 
instance, finds it a much less practical anesthetic on his sendee at 
Bellevue Hospital, where it is more difficult to give special attention to 
a patient when coming out of anesthesia. 

The amount of preliminary medication has been somewhat of a sur- 
prise. While we have had no difficulties following the use of morphine 
and avertin, we feel that morphine as a preliminary is probably bad 
practice and should be abandoned as routine. This opinion is based on 
the emphatic statements of many of the more experienced anesthetists. 

Table VIII* 

Postoperative Complications (525 Cakes) 

Wound 

Deep infection 10 

Hematoma 7 

Disruption 1 

Secondary pelvic 
abscess 1 

Pulmonary 

Pneumonia 7 

Embolus 3 

Bronchitis 2 

Gastrointestinal 

Fistula 2 

‘rieurcs of superficial infections, stitch abscesses, etc., are too incomplete to be of 
an > value ana are omitted. 
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Mortality. There have been 7 deaths in this series, 1.3 per cent. 
As shown in Tables 1 and 2-, deaths occur chiefly in the older age groups 
and in the late cases. 

There were no deaths in the 396 eases in which the disease was lim- 
ited to the appendix nor in the 37 eases of abscess. 

One patient with local peritonitis (pelvic) died, a mortality rate in 
this group of 1.8 per cent. 

Of 29 patients described as having diffuse peritonitis, 6 died (20.6 
per cent). 

Four of these 7 had been sick less than forty-eight hours. One was a 
patient who at operation had a B. colt pelvic peritonitis. She showed 
no resistance, dying eight days-following operation with the signs of a 
spreading peritonitis. 

The 6 who had diffuse peritonitis at operation were aged 36, 44, 48, 
59, 66, and 68 years. They had been sick for 22, 30, 36, 36, 56, and 96 
hours before operation. Three had had saline cathartics; two, irriga- 
tions before admission. There was no note as to catharsis on the re- 
maining charts. 

At operation all had gross leakage from ruptured appendices. B. 
coli were reported in all cultures. 

Aside from the possible effect of catharsis, vigorous treatment by a 
physiotherapist may have been a factor in the rupture of one of these 
appendices. 

In another case pain developed a few hours after eating clams which 
had been dug in a prohibited area, and this together with atypical signs 
led to delay in operating until peritonitis was well established. 

There were two errors in diagnosis. In one case a previous history 
of ulcer and fulminating signs led to a diagnosis of perforated ulcer, 
an error which had no influence on the ultimate result. In the other 
what was thought to be a gangrenous gall bladder was removed and 
only after its removal was a gangrenous appendix recognized. In this 
ease an unnecessary procedure prolonged the operation and probably 
was a factor in the patient’s death. 


SUMMARY 


A partial review of recent literature covering the mortality figures 
of acute appendicitis is presented. The figures from a suburban com- 
munity of 40,000 population, with a high average intelligence and 
(i , A sensej ” as well as a well-educated medical group, are discussed. 

Even in a community of this sort, over 10 per cent of all cases were 


operated upon ^ ^ t | ie medical profession toward the further 

cation o filrm . e that lies our best hope of further cutting down 

diminution oi tins n.-m* 


after a delay of over forty-eight hours. It is in the edit- 


fMn ac, "° "fo”" 1 ”'” in 

JnV period h 1-3 pc- cont. 


(his community over a 
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Catharsis does not seem to be an important factor in the mortality 
rate in this series. 

The use of sulfanilamide, especially in cases with peritoneal involve- 
ment, offers hope of improvement. 

Study of the fatal cases emphasizes that overwhelming peritonitis 
may be established early and the importance of early recognition of the 
ease with atypical symptoms and signs. 
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LIVER INJURIES WITH A CASE REPORT OF REPEATED 
HEMORRHAGES THROUGH THE BILIARY DUCTS 

II. 11 Hawthorne, M.D., W. W. Oaks, M.D., and P. H. Neese, M.D. 

Philadelphia, Pa. 


r | ’HE symptoms of the usual liver injury include pain that may he 
severe and localized over aii area in the liver or in the region of the 
blow, such as would be found in a lateral chest contusion. This type of 
injury may cause widespread pain similar to pleuritis. 1 Localized pain 
may be absent, but a liver injury should be kept in mind if there has 
been a blow or contusion anywhere near the region of the liver. Rigidity, 
shock, signs of internal hemorrhage or bile irritation of the peritoneum 
indicate an emergency, but these findings are often not pronounced 
enough to warrant opening the abdomen at once. Repeated blood counts 
will aid in differentiating hemorrhagic from traumatic shock. The ap- 
parently mild upper abdominal injury must be watched closely. Quick 
recovery from the immediate shock may be followed by delayed massive 
hemorrhage. 

The right lobe, due to its anatomical position, is the most frequently 
affected. Any area may be involved and deep wounds by contrecoup 
may occur. Deep wounds may not show any external evidence of 
capsular tear and, as in the case to be presented, may bleed profusely 
through the bile ducts. Multiple tears and deep hematomas that are 
often followed b.y abscess formation are found at operation or an tops}'. 

Hematomas are aspirated and those that later go on to abscess forma- 
tion are drained in the usual manner, but the technique of peritonization 
of the area to be drained as advised by Robertson 2 is probably the safest 
procedure. 

A liver wound should be loosely packed because tight packing may 
cause necrosis. The gauze is allowed to remain in place for one week. 


In Krieg’s forty-one cases that were treated by packing, the gauze was 
not inserted into the wound with enough pressure to control the bleeding 


and frequently it was merely placed against the wound. When large 
amounts of gauze were used there developed symptoms of obstruction . 3 
Drainage } s necessary because collections of blood, bile, or pus may 
occur Closure of the wound by mattress sutures is a method that is 
■ ferred by many surgeons and, if this procedure is followed, drainage 
should be inserted into the depth of the wound in order to prevent the 
f miction of an intrahepatie hematoma and to take care of the bile 
leTaiefrom torn biliary ducts. 


t j.jr 0 21464, American Hospital for Diseases of the Stomach.) 

Case BEPOKT.^^ ^ injury to the liver without rupture of the capsule and 


This was an 
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intraperitoneal bleeding but followed by repeated massive hemorrhages through the 
biliary duets. The clinical picture and surgical treatment were therefore quite 
different from those just described. 

A truck tire rim blew off, striking the anterolateral chest wall, upper abdomen, 
and face. The man was admitted to another hospital on June 6, 1933, where lie 
was given immediate treatment for shock, fractured seventh and eighth ribs, and 
fractured nose. The injury to the thoracic cage masked the intraabdominal injury 
so that it was not recognized at this time in spite of hematemesis on two occasions 
and tarry stools that were noticed by the patient. After seven weeks of hospitaliza- 
tion he was discharged and returned to work nine weeks after the date of injury. 
Two weeks later while at work he felt a sudden sense of suffocation with severe 
pain in the upper abdomen but most marked in the gall bladder area. He vomited 
a large amount of blood and there was gross blood in the stool. 

"When admitted to our service on Sept. 17, 1933, he stated that he had vomited 
a large amount of blood that morning and gross evidence of blood was found in 
the stool. 

The patient was a very powerful man and the general physical condition was 
surprisingly good in spite of all the bleeding that had reduced the red cells to 
2,790,000 and the hemoglobin to 47 per cent. 

AH physical findings were negative but no gastrointestinal x-rays were attempted 
due to the continued bleeding. Nothing was given by mouth for three weeks and 
by the use of blood transfusions and intravenous glucose be improved to the extent 
that the red cell count was 4,190,000 and hemoglobin 70 per cent. During this 
time, however, he vomited on three occasions a very thick black material that on 
examination proved to be a mixture of blood and bile. The stool finally was 
negative and after three weeks of withholding fluids by mouth, a liquid diet was 
allowed. The stool only remained negative for occult blood for two days and tlien 
traces appeared again. However, for psychological reasons an increase in diet 
was allowed and no increase in the bleeding occurred. For the same reason the 
patient was allowed to go home two months after admission, still showing a trace 
of occult blood in the stool, but was to return for a complete gastrointestinal 
x-ray. 

He was readmitted to the hospital three weeks later and plainly showed the 
effects of a severe hemorrhage the night before. During the three weeks at home 
he had several attacks, consisting of a sense of tightness in the liver area and 
severe colicky pain followed by nausea and vomiting of the same thick black 
material that had been examined in the hospital. He also passed this same type 
of material by bowel. 

Five days later the blood transfusions and intravenous glucose injections had 
caused sufficient improvement to warrant an x-ray examination of the stomach and 
duodenum. A large defect in the pyloric end of the stomach was demonstrated, 
but the roentgenologist was unable to state whether this was due to adhesions or 
ulcer. 

After two more days of blood transfusions and intravenous glucose injections 
an upper right rectus incision revealed a mass of adhesions over the gall bladder 
and duodenal areas. No ulcer was demonstrable, but in view of the large amount 
of hematemesis it was deemed advisable to open the duodenum. The usual Heiueke- 
Mikulicz incision was made. No definite ulcerated areas were found, but several 
small congested areas in the mucosa were touched with the cautery and the incision 
was closed transversely. This did not explain the bleeding and, on releasing the 
dense adhesions, the gall bladder was found to be very dark in color, to be enlarged, 
and to contain a smooth hard mass the size of au egg. The gall bladder was re- 
moved and the bile ducts were explored through the patulous cystic duct. Some very 
dark material of the same type that he had vomited was found, but there was no 
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evidence of tear of the duels or liver. The large mass in the gall bladder proved 
to be inspissated blood and bile. 

He made an uneventful postoperative recovery and was discharged on the six- 
teenth day. The stool was negative for occult blood. 

One week later lie had another attack of colicky pain in the subhepatic area 
lasting one hour and vomited a small amount of the very dark material that had 
been observed on previous occasions. A large amount of green black fluid was 
passed by bowel. There followed a number of these short attacks at intervals of 
a few days. During the last attack a branching clot that appeared to be a cast 
of the hepatic ducts was vomited. This proved on examination to be inspissated 
blood and bile. Since then he has been entirely free of all the former symptoms 
and at present, is in excellent health. 

It is very evident that the operative procedure did not contribute to the final 
cure, but it is interesting to note that this case was in all probability a cavity and 
hematoma deep in the substance of the liver that continued to necrose and bleed 
through a large biliary duct until healing finally occurred. There is no other ex- 
planation that we can give for the continued bleeding through the biliary channels. 
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THE ORAL ADMINISTRATION OP SYNTHETIC VITAMIN K 
(2-METHYL-l, 4-NAPHTHOQUINONE ) 

Edward R. Anderson, M.D., John E. Karabix, M.S., M.D., Herbert L. 
Udesky, M.D., and Lixdox Seed, M.D., Chicago, III. 

( From the Cool : County Hospital and the Department of Surgery of the College of 
Medicine of the University of Illinois) 

S INCE the discovery of the relationship of hemorrhagic tendencies 
to vitamin Iv deficiency in 1929 1 and later in 1935 s by Dam, there 
have been many reports corroborating his results and presenting 
further observations upon the source, extraction, assay, and clinical 
application of this vitamin. Some of the leaders in this experimental 
work have been referred to in a recent report by Doisy and his as- 
sociates, 3 who have been responsible for the synthesis of vitamin K in 
their laboratory. They found that the synthetic compound was 
2-methyl-l, 4-naphthoquinone. To support this contention, Ahnquist 
and Klose 4 and Fieser, 5 independently following different analytical 
procedures, arrived at the same structural formula. This compound 
was an oil-soluble active substance whose action was thought to be 
either through the phenol or quinone radicals. Since the substance 
could not be used parenterally except in a large volume of solvent, 
experiments were conducted to discover an active compound with 
greater solubility, and such a compound was found by Doisy and co- 
workers 6 to be 4-amiuo-2- methyl-l-naphthol hydrochloride. 

Clinical application of vitamin K has been discussed and reviewed 
by Rhoads,® Snell, 9 Stewart and Rourke, 11 and others. Therefore, ref- 
erence is made to their reports of original investigations regarding 
vitamin Iv and the natural substances rich in this vitamin. Before 
the synthesis of an active compound, the prime sources were alfalfa 
and putrified fish meal. Green leaves, vegetables, dried chestnuts, 
spinach, peas, and egg yolks also contained the active substance. 

Vitamin Iv was intimately associated with the plasma prothrombin 
which was involved in the mechanism of the clotting of blood. Ex- 
perimentally, a prolongation of the prothrombin time was produced in 
a chick by withdrawal of the vitamin in the diet. This could not be 
produced in other common laboratory animals. Hawkins and Brink- 
hous'- produced a prothrombin deficiency in a dog with a biliary 
fistula, but it took several months to develop. Smith, Warner, and 
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Biinkhous 13 produced a marked hypoprothrombinemia in twelve 
hours by chloroform anesthesia, and a similar condition by administer- 
ing 1 phosphorus and carbon tetrachloride. These observations indi- 
cated that liver damage was responsible for the reduction of plasma 
prothrombin. This finding was supported by Warner , 14 who produced 
a marked prothrombin deficiency by partial hepatectomy. In six 
dogs Andrus and his associates 1 -' performed complete hepatectomies. 
They found a continuous decided fall in prothrombin concentration 
after hepatectomies and held this as evidence that the liver under 
normal conditions -was responsible for the formation of prothrombin. 
As further proof, Andrus and associates instilled vitamin If into 
the duodenum and failed to alter the typical decreasing curve of the 
plasma prothrombin fall after hepatectomies. These experiments 
seemed to indicate that the liver was the chief, if not the only, source 
of prothrombin. 

Clinically, liver damage might take place in various diseases, and 
thus hypoprothrombinemia might occur and predispose the patient 
to hemorrhagic tendencies. Any obstruction to the extrabiliary pas- 
sages might secondarily cause damage to the liver. Primary liver 
disease through infections, neoplasms, metabolic or other factors might 
affect the parenchyma of the liver to such an extent as to produce a 
lowered plasma prothrombin level. Thus, if the “factory” were not 
functioning properly, one might expect that anj r efforts made to main- 
tain a normal prothrombin level through synthesis by the liver would 
be futile. 


Through any of the preceding factors an individual might develop a 
deficiency in bile salts because there was inadequate manufacture by 
the liver or because there was a “block” to the outlet of bile salts 


into the intestinal tract. Since vitamin If is a fat-soluble substance, 
its absorption depends upon the presence of bile salts in the intestinal 
tract. In addition, there might be insufficient absorption from the 
n-astrointestinal tract, as in intestinal obstruction or ulcerative colitis. 
If there is obstruction to the flow of bile from the liver, there is pre- 
sumably an inhibition of production of bile salts by the liver. If this 
obstruction is liberated, as through surgical intervention, a sudden 
lease of stagnant bile occurs. Walters and others 18 have analyzed 
1( f c . ^ cases an d found that the total bile-acids secretion might 
n e Jl l . , j owe rcd. This accounts then for the inability of the 
be do n . ze fu | ly vitamin If in obstructive jaundice without the 

body to u J ^ kite salts even after the obstruction has been rc- 

leased° n Th^phenomenon, however, is largely dependent on the pres- 
ence of a damaged liver. 
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Tlie prothrombin determinations in our series were done by tlie 
method of Smith* and associates 10 because their “bedside” test had 
such practicability. In a comparison between the Smith and the Quick 
tests we found that the variation was slight with the exception of ex- 
tremely low levels where the Quick test was more sensitive. For 
clinical use the percentage of error was within practical range. The 
values obtained were recorded in the percentage of normal; that is, 
the percentage of the prothrombin clotting activity of a normal in- 
dividual. Determinations were done daily' in most instances. Coagu- 
lation times by the capillary tube method were done in some of the pa- 
tients, but no delay was noted except in two or three instances when 
the prothrombin clotting time was markedly prolonged. 

This paper deals only with oral administration of vitamin K.t 
Several patients have been given a soluble vitamin Iv for parenteral 
use, but at present our series is too small to include in this report. 
However, the synthetic vitamin Iv for intravenous administration is 
active and promises to be about as effective as the insoluble type. 

Seventy-five patients who had biliary tract surgery, or who were sus- 
pected of having a prolonged prothrombin time, were tested. De- 
terminations were made daily; the prothrombin percentage recorded 
was the lowest reading obtained in each ease. Eighteen patients 
treated were jaundiced (Table I). The prothrombin clotting activity 
reached normal levels in each instance. Rhoads and Fliegelman 10 and 
Macfie with his associates 17 have recently reported a good response 
with the synthetic vitamin in jaundiced patients. It is seen in Table I 
that there is little correlation between the degree of jaundice, or its 
duration, and the hypoprothrombinemia. Five patients (Table II) with 
a reduced prothrombin clotting activity, but not jaundiced, were also 
treated. The percentage of activity returned to normal in all except 
one case, a patient in terminal condition resulting from a eareinoma 
of the rectum. 


•Method of plasma prothrombin determination: 

Source of Thromboplastin. — Rabbit brains or lungs are macerated in a mortar. 
Salt solution, 0.9 per cent, is then added. The material is allowed to stand in the 
icebox for three hours. The supernatant fluid is decanted and strained through 
gauze. Usually the solution is centrifuged. The thromboplastin, which is present in 
the filtrate, is kept in the icebox. It is best to warm the sample of thromboplastin 
to room temperature before using. The activity of the thromboplastin decreases 
daily; thus a normal prothrombin time for the sample of thromboplastin used must 
be made daily. 

Method of Prothrombin Determination. — A stop watch is used for accuracy in tim- 
ing the dotting time. One-tenth cubic centimeter thromboplastin is placed into a 
small serologic tube. To this is added 0.7 c.c. of blood drawm quickly and atraumat- 
ically The time is recorded in seconds from the time the blood contacts the throm- 
boplastin to the time the clot appears in the tube. The tube is slowly inverted until 
clotting occurs. A normal patient is tested and checked several times to get the 
correct normal prothrombin time. 

Normal plasma prothrombin time in seconds 

PStignVs plasma. prothvoriwT n Urne in seco nds = Percentage of normal clotting activity. 

A prolonged prothrombin time in seconds will give a low percentage of clotting 
activity, 

Bleedinp Levels . — Bleeding may occur at any level below 70 per cent; however, it 
is relatively uncommon until the level Has approached 50 per cent. 


t m,. e t *?. and salts used in this report were kindly furnished bv EH 

Lm> ami Co., Indianapolis, and Parke, Davis and Co., Detroit. 
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Table I 


Jaundiced Patients With Reduced Prothrombin Clotting Activity Who 
Received Vitamin IC 


CASK 


JAUNDTHf* 

INITIAL 

AFTER 

diagnosis 

DURATION . 

DEGREE* 

.PRO- 

THROMBIN 

VITAMIN 

K 

1. A. JB. 

Carcinoma of pancreas 


4 

64% 


2. P. A. 

Carcinoma of pancreas 

1 mo. 

4 

75% 


3. S. V. 

Common duct stone 

(5 wk. 

3 

37% 


4. P.L. 

Carcinoma of pancreas 

3 mo. 

3 

48% 


5. M. Me. 

Carcinoma of pancreas 

3 wk. 

O 

71% 

Bft 

(i. P. V. 

Common duct stone 

4 wk. 

2 

04% 

100% 

7. H.M. 

Common duct stone 

3 wk. 

0 

04% 

91% 

S. M.E. 

Acute cholecystitis 


5 

67% 

100% 

9. J.P. 

Cirrhosis of liver 

1 mo. 

2 

69% 


10. H. M. 

Acute cholecystitis 

1 wk. 

2 

70% 

96% 

11. L. T. 

Common duct stone 

6 wk. 

2 

76% 

100% 

12. T.F. 

Carcinoma of pancreas 

0 wk. 

2 

76% 

100% 

13. M.M. 

Cirrhosis of liver 


o 

77% 

100% 

14. F. G. 

Cirrhosis of liver 


2 

79% 

100% 

15. M.R. 

Common duct stone 

4 wk. 

2 

79% 

100% 

10. J. A. 

Common duct stone 

2 wk. 

i 

54% 


17. M.H. 

Common duct stone 

2 wk. 

i 

62% 

94% 

18. D. W. 

Cirrhosis of liver 

3 wk. 

i 

74% 

91% 

♦Degree of jaundice: 1, slight; 2, 

moderate; S, 

severe; 4, 

very severe. 



The initial dose arrived at after our experimentation was 6 mg. of 
vitamin K and 2 Gm. of bile salts. As a routine, 0.33 Gm. (5 gr. cap- 
sule) of bile salts was given with each milligram of vitamin K. A daily 
dose of 2 to 6 mg. maintains a normal prothrombin level in most pa- 
tients. The maintenance dose was determined and must be checked by 
daily prothrombin determinations. Our observations seemed to in- 
dicate that all low prothrombin levels can be returned to normal with 
an initial dose of 6 mg. and can be held with a maintenance dose of 6 
mg. daily. In many patients the prothrombin time can be maintained 
at a normal level on a much smaller dosage. 


Table II 


Nonjaundiced Patients With Reduced Prothrombin Clotting Activity Who 

Received Vitamin K 


CASE 

DIAGNOSIS 

INITIAL 

PROTHROMBIN 

AFTER 
VITAMIN K 

1. A. K. 

2. O. P. 

3. S. K. 

4. C. A. 

5 E. C. 

Biliary fistula 

Intestinal obstruction 
Subpbrenic abscess 
Carcinoma of rectum 
Nephritis 

57% 

68% 

67% 

69% 

G9% (bleeding) 

100% 

100% 

100% 

74% 

PS% 

The following 

case illustrates the effect of the therapy: 



. ■ ,y. j-, presented a moderate degree of jaundice of four weeks’ dura- 

Case M. • v ' stonC _ Preoperatively, the prothrombin activity was 01 

tion due to a ^ ^ g; vcn 1 mg. of vitamin IC three times daily, with 0..'!S Gm. 
per cent. This p 1 m ;iligram. After one dose the level in twenty-four hours was 7-f 
of bile salts to eae i m ifter three doses the level reached 01 per cent. Such 

per cen t. In forty-e.gl.t 
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a gradual rise in the plasma prothrombin was obtained with small doses. The level 
dropped to 75 per cent in twenty-four hours. Then, an initial 6 mg. dose of vitamin 
K and 2 6m. of bile salts were given. A rise to 95 per cent was then attained in 
one-half hour. Other patients responded similarly to these doses. There is no ob- 
jection to the use of small doses of the compound when preparing a patient for 
surgery; however, if an immediate effect is sought, an initial large dose is recom- 
mended. 



Fig. 1. — On a dosage of 1 mg. of vitamin K t.i.d. the prothrombin activity grad- 
ually rose to norma!, then dropped as soon as the treatment was discontinued. On 
a single dose of G mg. the prothrombin activity rose sharply to normal In one-half 
hour. A clioledochostomy was performed on the following day. Treatment was 
again discontinued. A gradual reduction in prothrombin activity recurred, reaching 
a low level on the tenth day. 

Vitamin K must be given with bile salts when the latter are not 
secreted into the intestinal tract. We found that in the absence of bile 
salts the response was negligible. This was illustrated by the ease 
of A. K. (Fig. 2) ; the patient gave a good response to an initial dose 
of 6 mg. of vitamin K with bile salts, rising from a 57 per cent level 
to 100 per cent. However, after the prothrombin time had dropped in 
twenty-four hours to 47 per cent, 6 mg. of the vitamin were given 
without bile salts, but there was no response. Then 1 mg. of the com- 
pound was given with 0.33 Gm. of bile salts, three times daily. After 
one dose, the level was 63 per cent. After four doses, the level was 100 
per cent. Another patient, 0. P. (Fig. 3), was treated for acute in- 
testinal obstruction by Wangensteen gastric siphonage for seven days. 
A vitamin IC deficiency was present due to starvation. We assumed 
that bile salts were secreted into the intestinal tract. Three milligrams 
of vitamin K were given without bile salts. The duodenal tube was 
clamped off for two hours. The level rose from 79 to 91 per cent in 
twenty-four hours. The next day it dropped to 70 per cent. Six 
milligrams of vitamin K, without bile salts, were given and in one- 
half hour the level was 90 per cent. In twenty-four hours it was 
again 90 per cent, and in forty-eight hours it was 100 per cent. Thus, 
one is guided by the etiologic factor of the vitamin K deficiency as to 
whether or not bile salts should he given in conjunction with vita- 
min Iv. 
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llie response to the synthetic vitamin K is apparently immediate. 
We found that, when an adequate dose was given, a rise in the pro- 
thrombin level was obtained within one hour. Five patients were ob- 
served to determine the rapidity of action of the compound. In the 

Case A.K.. Cholecystectomy and removal 
of biliary fistula. No jaundice. Marked 
pericholecystitis and larQe liver, 
tv 



Fig. 2.—' The prothrombin activity rose to normal one hour after a dose of 0 ms. 
of vitamin Iv and 2 Gm. of bile salts. The subsequent drop to the original low level 
within twenty-four hours was characteristic of patients with damaged livers. A sec- 
ond close of 6 mg. of vitamin K, without bile salts, had no effect. A smaller dose 
of 1 mg. of vitamin K t.i.d., given with bile salts, produced a gradual rise to normal. 


Case OP Intestinal obstruction. 



„ . < n nrothrombtn activity due to intestinal obstruction promptly 

Fig. 3.— A reduction ^prou ^ norma[ uslnfr v j tamln K alone. 

f A K (Fig. 2), one hour after an initial large dose, the level 
C8Se from 57 to 100 per cent. In the case of M. R. (Fig. 1), a 75 per 
r ° Se prothrombin activity increased to normal one-half hour after an 
cen . I , j n three other cases there was a similar rise in 

initial 6 mg. ’ tQ 9Q por eenf; 66 to go per cent, and 74 1o 90 
one-half houi ^ Absorption of vitamin K is presumed to lake 

per cent, respec . effect was so rapid that one might even 

pkee in the jejunum. The 
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suspect absorption from the stomach. Since the absorption was so 
fast, we gave the vitamin to several patients who were being treated by 
constant gastric siphonage. The vitamin K was given by mouth, the 
duodenal tube clamped off for an hour, and the prothrombin level 
determined. The response was good in all cases. 

An attempt was made to determine the duration of the effect of a 
single dose of the vitamin. The rise in prothrombin activity following 
a single dose was maintained in some cases for only twelve hours; in 
others, for three days; and in some it remained normal. We thought 
that clinically the patients with severe liver damage did riot maintain 
the prothrombin level so well as did those with relatively good liver 
function. Undoubtedly there were exceptions to this. With such a 
variation in the maintenance of the plasma prothrombin one can be 
assured that the level is kept within normal limits only by repeated 
prothrombin determinations. Maintenance doses of 2 mg. of the vita- 
min, three times daily, are recommended if one is unable to perform 
the test very often. In the case of M. R. (Fig- 1) it was seen that the 
preoperative level of 75 per cent was increased to 100 per cent by a 
single 6 mg. dose. There was no abnormal bleeding. Not until the 
eighth postoperative day did the level begin to drop. On the tenth 
day it had reached 55 per cent. At this point therapy, to which the 
patient responded immediately, was started. This patient maintained 
a normal level for eight days postoperatively after only a single initial 
large dose of the compound. 

A normal prothrombin activity before surgery does not indicate that 
the prothrombin percentage may not drop to dangerously low levels 
postoperatively. The fourth to the seventh day after operation was 
found to be the time when levels were lowest. Fig. 4 shows the post- 
operative prothrombin level in seven cases following biliary surgery. 
Five of these patients were jaundiced ; two were not jaundiced. In all 
of them there was a significant drop in prothrombin activity between 
the fourth and seventh days, an interval that might be called the 
“critical period.” Patient P. V. (Fig. 5) had a moderate degree of 
jaundice of four weeks’ duration, due to a common duct stone. This 
patient was given daily doses of 3 mg. of vitamin K with bile salts 
preoperatively. On the fourth postoperative day the level dropped to 
63 per cent. Six milligrams of the vitamin, with bile salts, were given, 
and in one-half hour the level was 100 per cent. This level was then 
maintained on a 3 mg. daily dose until the patient was on an adequate 
diet. A similar postoperative course was illustrated in the case of 
M. R. (Fig. 1). 

We observed no toxic effects and no nausea or vomiting after the 
administration of the synthetic vitamin K. In this respect the syn- 
thetic vitamin K is far superior to the extracts which frequently caused 
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nausea and vomiting. One patient was given as much as 50 mg. of the 
compound in a twenty-four-hour period without any ill effects. How- 
ever, the prothrombin level could not be elevated above normal even 
with this relatively massive dose. Prom this observation we supposed 
that there was a stabilizing effect, most likely through the liver, which 
prevents an increase in the plasma prothrombin level above normal. 


Drop in prothrombin 
following biliary surgery 



Pig. 4. — Following biliary surgery in both jaundiced and nonjaundlced patients, 
there was a significant drop in prothrombin levels between the fourth and seventh 
days. 


CasePV Common duct stone with jaundice. 
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A „Armil nrothrombin level was obtained by the preoperative administra- 
Fig. 5. — A norm P , in(] 0 3 Gm of b n e salts t.i.d. The level dropped abniptij 
tioli of 1 mg. of ' , After a large dose of the drug, the prothrombin activity 

four days postope ioi . ■ Subseciuent daily administration was necessary to 

rose to normal in one " ,“i 
maintain the normal level. 

r 1 , nno mtient (Case M. M., Table I) did we find active bleeding 
In 011 } ^ {rom t h c gums) as the result, of jaundice. He had a 


(epistaxis 


ivitli a moderate degree of jaundice. The pro- 


cirrhosis of the * ne cel ,t at the time vitamin K was given. An 

thrombin level was w i 


ANDERSON ET AL. : SYNTHETIC VITAMIN K 


369 


initial 6 mg. close brought the level to 100 per cent in one-half hour. 
The bleeding lessened but did not stop entirely. In our series of pa- 
tients who were operated upon none was allowed to continue with low 
prothrombin levels without instituting vitamin Iv therapy. No ab- 
normal bleeding occurred in these eases. Prothrombin determinations 
were made in various conditions in which bleeding was a characteristic 
manifestation (purpura, nephritis, leueemia, etc.). In none of these 
diseases was a delayed prothrombin time noted. 

No correlation between the degree of jaundice or the duration of 
the jaundice and the plasma prothrombin level could be made. Five of 
our patients who had dangerously low levels did not have jaundice 
(Table II). Conversely, several severely jaundiced patients had nor- 
mal prothrombin times (Table III). Thus, one may assume that 


Table III 

Jaundiced Patients Without Diminished Prothrombin Activity 


TASK 

DIAGNOSIS 

JAUNDICE 

DURATION DEGREE* 

PROTHROMBIN 

activity 

1. H.S. 

Toxic hepatitis 

2 mo. 

4 


2. A.W. 

Toxic hepatitis 

2 wk. 

1 

100% 

3. C.S. 

Pancreatitis 

1 wk. 

1 

0S% 

4. A.E. 

Cirrhosis of liver 

1 wk. 

2 

92% 

5. C.M. 

Cirrhosis of fiver 

1 wk. 

i 

100% 

li. G. N. 

Cirrhosis of fiver 

1 wk. 

i 

100% 

7. H.B. 

Carcinoma of pancreas 

1 mo. 

o 

90% 

S. H. SI. 

Postappendeetomy pyle- 
phlebitis 

:S days 

i 

89% 


’Degree of jaundice: 1 , slight; 2 , moderate; 3 , severe; very severe. 


jaundice in itself is not a criterion for the determination of pro- 
thrombin levels. From our observations it appears that any patient 
with biliary tract disease, with or without jaundice and with or with- 
out bleeding, should have a prothrombin determination if one wishes 
to eliminate entirely the danger of hemorrhage. Waddell and Guerry 19 
and Kato and Poneher 20 recently studied the relationship of vitamin 
Iv deficiency to hemorrhage in the newborn ; they noted favorable re- 
sults following vitamin therapy. 

CONCLUSIONS 

1 wenty-three patients with a delayed prothrombin time were treated 
by oral administration of synthetic vitamin K. Twenty-two of these 
patients responded favorably. One case, in a terminal condition as 
the result of a carcinoma of the rectum, gave only a 5 per cent increase 
in the percentage of clotting activity. 

The dosage of the synthetic compound recommended is an initial 
dose of 6 mg. with 2 Gm. of bile salts (six capsules of 5 gr. each). 
The plasma prothrombin level is then maintained with 3 to 6 m°’. of 
Mtamin Iv and 2 Gm. of bile salts daily. 
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Bile salts are necessary with the vitamin K compound for the pa- 
tients who do not have bile salts secreted into the intestinal tract. 

A pronounced response to the synthetic vitamin K almost invariably 
occurs within one-half to one hour. 

The amount of vitamin K necessary to maintain a normal percentage 
of clotting activity varies individually; thus, prothrombin determina- 
tions are guides to maintenance dosage. 

No nausea or vomiting and no toxic effects were observed following 
large doses of the synthetic compound. 

In biliary tract surgery the fourth to the seventh postoperative 
day constituted the period when the prothrombin activity most fre- 
quently reached dangerously low levels. 

Hypoprothrombinemia may occur with or without jaundice and 
with or without bleeding; no definite relationship between the degree 
or the duration of the icterus and the decreased prothrombin levels 
can be made. However, it is true that prothrombin levels approaching 
the bleeding levels will be encountered more frequently in jaundiced 
patients, particularly if considerable liver damage is present. 
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THE TREATMENT OP EXTERNAL FISTULAS OF THE 
PROXIMAL SMALL BOWEL 


A Means of Temporary Mechanical Anastomosis 
Eric A. Macnaughton, M.D., P.R.C.S. (C.), Montreal, Quebec 

(From the Montreal General Hospital) 


1 I ’HE treatment of external fistulas of the upper small bowel has al- 
ways been a serious and difficult problem as is evidenced by the 
multiplicity of methods which have been devised. The seriousness 
largely depends on the character and extent of the lesion and to a 
greater degree on its site. The higher the fistula in the upper small 
bowel, the greater its danger up to that level in the second part of the 
duodenum described as “the duct-bearing portion” 1 and since spoken of 
as “the lethal line of Draper Maury.” These fistulas, attended, as they 
usually are, by rapid loss of fluids, chlorides, and nourishment, produce 
a condition very similar to that caused by acute intestinal obstruction. 2 
There rapidly ensues a rise in the blood nitrogen and a fall in the "blood 
sodium and chloride ions. 3 ’ * It has also been shown that the blood 
potassium rises in cases of complete intestinal fistula to toxic levels as 
found in acute intestinal obstruction, experimental adrenal insufficiency, 
and acute potassium poisoning. 5 - This high potassium level is lowered 
by the administration of saline solutions. The loss of the digestive juices 
also is of importance as the loss of the pancreatic juice alone has been 
shown to be fatal. 0 

The occurrence of the fistula is distressing to the patient as it is 
realized immediate^ that something serious has occurred when with 
each ingestion of fluid by mouth there is an almost immediate gush of 
intestinal contents from the fistula. This mental distress is intensified 


by the physical one accompanying the ensuing digestion of the skin and 
tissue of the abdominal wall by the tryptic ferments. 

Immediate operative surgical attack is not indicated in the great ma- 


jority of cases due to the high mortality of about 50 per cent attending 
attempts at direct closure or side-tracking anastomosis. This mortality 
is directly related to the patient’s poor general condition. Methods of 
conservative treatment are therefore indicated with the object of improv- 
• o- the patient’s condition sufficiently to withstand the operative pro- 
T . , „] s0 be noted here that in certain cases these measures 
ceaiu*e. c , . , v 

r in themselves result m healing. 

ma " methods of treatment described may be classed as chemical, 
The roe 1 , (TK ] surgical or combinations of these, 

physica , me ’ devoted to the minimizing or prevention of the 

The ehennea ^ ^ -juices on the patient ’s tissues by neutralization. 

^SriTr 1 !.— . — - ™ 
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In 1929 Potter-' 9 described the use of beef extract and N/10 hydro- 
chloric acid, reporting the healing of several incomplete fistulas by this 
means alone. He advised the building up of a- wall about the external 
opening of the fistula or about the margins of the draining wound with 
gauze, impregnated with beef extract and laying inside this wall gauze 
dripping with N/10 HC1. The pancreatic juice is used up by activating 
the beef extract and is neutralized by the HC1. The excess HC1 is used 
up on the beef extract rather than on the skin and tissues. 

In 1930 CoTui 7 ' 8 advised the use of kaolin, a colloidal absorbent for 
the electronegative trypsin. Its use has been reported frequently since, 
both alone and as an adjunct to other methods. 

To lessen the skin excoriation the use of the continuous bath was ad- 
vised by Cushing in 1899 9 and again recommended in 1919 by Oehsner, 10 
who also found benefit from the feeding of egg white.” Cunningham 12 
has advised the use of copper bronzing powder and in 1929 Rees 13 ad- 
vocated dried milk as a dressing. Potter in 1932” suggested the use of 
the Bradford frame. With the opening of the fistula downwards and the 
intestinal wall pouting, the discharge from the fistula did not flood onto 
the patient’s abdominal wall. In 1938 Dixon and Deuterman 10 noted 
the relief obtained by the patient from the tanning of the eroded skin 
surface by 10 per cent tannic acid. 

It is easy to understand that methods of blocking the fistulous opening 
were among the earliest treatments advocated. The first recorded case 
is that of Reyhard, 16 who used a wooden button in the lumen of the 
gut tied to a crossbar on the abdominal wall by a suture passing through 
the fistula. A button of leather was later recommended by Klevbolte 
in 1842.” Gauze soaked in oil has been used by Rigby, 18 Hendon, 10 
Fechen, 20 and Stadler 21 to block the fistulous opening,^ and chewing 
gum recommended by Judd and Phillips 22 in those small fistulas which 
are not serious but leak and cause excoriation. Johnston 23 described the 
use of two smaR inflatable balloons placed about 1.5 cm. apart on a two- 
way catheter as a temporary closure. The inner balloon is inserted into 
the lumen of the bowel and inflated, then withdrawn into the fistulous 
tract until the second balloon appears on the surface. This outer balloon 
is then inflated to hold the first balloon in place. The inner balloon 
tightly wedged in the fistulous tract effectively closes the opening. In 
1917 Dowd 24 described a double metallic button which has been used 
successfully also by Mayo 25 and Cattell. 26 Kappis 27 in 1911 used a 
T-tube with the straight part of the tube providing a channel between the 
upper and lower parts of the bowel with the right-angled part pro- 
truding through the fistula, blocking it and providing drainage for over- 
flow. This method has been used by Kaehler 28 and Pam perl 29 and also 
by Ahrens, 30 who points out that the straight part of the tube tends to 
depress the spur on the mesenteric side of the bowel. 
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As late as 1938 Marshall and Lahey 31 pointed out the lifesaving value 
of ordinary buttons, one on the inside of the bowel tied to another on the 
abdominal wall, as an emergency treatment. Hartzell 32 in the same year 
described in detail how he makes a disk of soft rubber to fit accurately 
the inside of the bowel at and about the fistulous opening. The rubber 
disk is held in place by a thread fixed externally. He finds this method 
particularly valuable where there is a fairly large opening in a present- 
ing knuckle of bowel. 

The use of suction in some form has been found by Cheever, 33 Lahey, 34 
Walters, Kilgore, Bollman , 3 ’ 4 and Ochsner 10 to be a very practical means 
of dealing with the fluids from the afferent loop. It has been used for 
the simple removal of the offending discharge and also for the collection 
of the fluids extruded for readministration to the patient. 

Cameron in 1923 35 reported the use of an electric suction apparatus 
connected to a catheter with several additional holes inserted into a 
duodenal fistula following gastric resection with cure. 

Bohrer and Milici (1931) 36 in the treatment of duodenal fistula ad- 
vised dilating the opening and introducing into it a half-inch fenestrated 
rubber tube to act as a reservoir. Into this large tube was placed a small 
rubber catheter attached to a vacuum bottle. The discharge was thus 
removed as quickly as it accumulated. They advised also that the 
vacuum be maintained by a water pump as all electric suctions will be- 
come heated by continuous use. They discontinued all food by mouth 
except water, which dilutes the 'discharge and allows the suction to work 
better. Their patients were fed by nutrient enemas, glucose by vein, 
or hypodermoclysis. 

In 1937 Tenopyr and Shafiroff 37 reported a method combining chem- 
ical and mechanical means -whereby the intestinal contents were removed 
from the bowel without skin irritation. A Murphy drip tube is fitted 
into the center of a large soft rubber doughnut pessary fvhich is bound 
tightly over the fistula by a bandage about the bod.v, the tip of the 
Murphy drip tube just entering the opening of the fistula. Kaolin is 
packed between the pessary and the skin. A Wangensteen suction ap- 
paratus attached to the tube removes the fluid into a container by the 


Another' method combining the use of kaolin and suction was de- 
scribed by Dixon and Deuterman in 1938. 15 They place a suction tube 
S oh a wall that is built about the external stoma. The wall is con- 
1 °d of adhesive tape and a paste made of kaolin and water on the 
stiuetc o ‘ <pj ie tip 0 f the soft rubber fenestrated suction 

fresh y c ean t j a |j v inside the external stoma of the fistula, 
tube is p ace ^ patients and the return of the fluids collected 

The fee mg o ^ various means, 

have been aeco I .. food by jejunostomy has been recommended 
The introduc urn ^ jf e Guire, 38 Lcwisohn, 3 " Erdman, 10 Kclling, 4 ' 
bv Bohrer and Mihei, 
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Pannet, 42 Dixon and Deuterman. 13 Einhorn 43 passed a duodenal tube 
beyond the fistulous opening for feeding. In 1927 Marogna 44 reported 
passing a long tube through the fistula into the jejunum through which 
food was introduced. Brdman in 1921 40 reported in the treatment of 
duodenal fistula the use of continuous suction into a bottle by the bed, 
and the return of these materials through a jejnnostomy tube through 
which the patient also was entirely fed. This patient recovered but de- 
veloped a parotitis which resolved without external suppuration. He 
also introduced saline solution by a Murphy drip into the jejunostomy 
tube. Dixon and Deuterman (1938) 15 also advocated this method. 

Pox in 1938 45 suggested collection of fluids by suction and their return 
by proctoclysis. 

"Wilkie 46 introduced two catheters, one in the afferent connection with 
another in the efferent loop. Volkman 47 and Peet 45 found this method 
valuable. 

Where the lesion is small or is a simple fistulous tract leading to bowel 
which is in continuity, the problem is a less serious one and in these cases 
simple suction, the use of neutralizing substances, or means of tempo- 
rarily blocking the fistulous opening may-result in healing. Sometimes 
the disagreeable leak with accompanying digestion of surrounding skin 
is the most troublesome problem as the patient's nutrition and metabo- 
lism may not be seriously impaired. 

Where, however, there is complete severance of continuity of the up- 
per small bowel or a very large opening, the problem becomes one of 
more emergent character and lack of adequate treatment is rapidly 
fatal. In these cases all the contents of the small bowel are discharged 
on the skin surface ; the loss of nourishment and fluids is total and hypo- 
ehloremia with toxemia rapidly ensues. Digestion of the abdominal 
wall is rapid and extensive. 

Such a ease occurred in the wards of the Montreal General Hospital 
in 1929. A summary of the history is as follows: 

Case Report. — Mrs. H. P., aged 46 years (Hospital Ho. 7295/28), was admitted 
to the Montreal General Hospital, Dec, 19, 1928, with a perforated divertiealuin of 
the sigmoid colon. The perforated mass of bowel was extraperitonealized as a 
colostomy through the exploratory wound and though very ill for a time due to the 
fecal generalized peritonitis, she recovered. Closure of the colostomy was later done 
and on the third day after this operation leakage through the wound was noted, and 
by the seventh day examination of the wound showed six open ends of small bowel 
presenting in pairs at intervals in the wound. The intestines, herniating through the 
disrupting wound, had pressed upon the silkworm gut sutures used to close the skin 
and had been completely cut through in three places. The skin about tbe wound was 
excoriated and the patient’s condition deteriorating. Saline and glucose solutions 
were given intravenously. The openings of the upper and lower portions of bowel 
were determined, and, using the open end of a tube over the proximal opening, 
continuous suction was applied. The collected fluids, with oilier fluid nourishment, 
were fed back into the distal loop by a catheter at intervals of two hours by day and 
three hours by night. Fluids by mouth were discontinued. All varieties of substances 
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then available were employed on the' abdominal wall in efforts to prevent its digestion, 
but with each peristaltic wave of the upper jejunal loop intestinal contents with 
( lgesthe juices gushed over the abdominal wall as the ordinary suction apparatus 
was unable to cope with it. Especially was this so when occasionally anything was 
given by mouth. Despite all efforts and treatments, the patient gradually and pro- 
gresshelj deteriorated, became extremely emaciated, and required stimulants at fre- 
quent intervals to keep her alive. It was quite obvious that unless something more 
could be done she would very soon die. The digestion of the skin of the abdominal 
wall nas very extensive. All available superficial veins eventually became thrombosed 
and fluids had finally to be given by subcutaneous injection or by cutting down on 
deeper veins. 

After trying out several methods of re-establishing the continuity of the small 
intestine by external means, at this point, thirty-eight days postoperative, an ap- 
paratus was devised which was successful. This device removed mechanically all the 
contents of the upper loop and automatically transferred them to the lower loop with- 
out anj- spilling, feeding them slowly into it so that they were readily absorbed. 
There was no further loss of electrolytes and digestive juices from the intestinal 
tract, and with the additional morale given the patient by being able to take fluids 
and nourishment by mouth, there was rapid improvement. All varieties of.clear fluids 
could be given and the patient was encouraged to drink them freely as the ap- 
paratus had no difficulty in handling large amounts. Practically the only precaution 
necessary was to forbid giving foods which would block the holes in the tubing. 
Milk could not be given as it is coagulated in the stomach. Nourishment, in addition 
to that taken by mouth, was given through the apparatus in the form of glucose 
solution. As the transfer of fluids from one loop to the other was continuous and 
automatic, a minimum of attention was required. Minor adjustments to the tubing 
in the bowel were all that was necessary, and this about once a day. 

Subcutaneous fluids were discontinued in twenty-four hours and stimulants were 
decreased on the fourth day. The intestinal contents did not come in' contact with 
the abdominal wall; there was no soiling and the digested areas rapidly healed so 
that by the tenth day the abdominal wall was “dry and almost healed.” 

On the nineteenth day after the apparatus was put into use the patient was suf- 
ficiently recovered to withstand operation. Preceded by blood transfusions, a suc- 
cessful shorteireuiting anastomosis was performed through a completely healed ab- 
dominal wall. ( 

At a subsequent operation months later, the shortcireuited loops of bowel opening 
onto the abdominal wall were excised. 


The apparatus is activated by continuous suction and its construction 
is simple. A fenestrated rubber tube 5 to 6 inches in length (the tip of 
n larae rectal tube with additional holes cut in its sides works admirably) 
is inserted into the proximal or afferent loop and hold in by tapes tied 
, . - ts outev en d secured to adhesive strips on the sides of the ab- 

° l or t0 a i )an d about the back. Into this “well” is inserted a soft 
11 ° v catheter which has had several additional small openings made 
ruble <■ I 9 to 3 inches. This catheter is attached b.v rubber tubing 
m its termina - oJr w ],; c i, j s a glass tube 1 Vi inches in diameter 
to the top o a ru bi )C r stopper at either end. This glass tube 

and 2 feet on - position by a laboratory clamp and stand set on a 
is held in a UI icil j s0 j n t 0 tiic upper end of this dosed reservoir 
bedside table. Insert < - 
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is a tube leading to the suction. From the bottom of the apparatus a 
single tube leads directly to another soft rubber catheter which is in- 
serted for almost its full length into the distal or efferent loop of bowel. 

When suction is applied, small amounts of fluid and air rise alter- 
nately in the afferent tube, spilling over into the reservoir; the continu- 
ous column of fluid in the reservoir and the efferent tube causes the fluids 
to flow slowly and continuously into the efferent loop of bowel. Glucose 
solution may be added to the intake by inserting a T-tube in the afferent 
rubber tube just before it empties into the reservoir. A douche can is 



Fig. X. — Photograph of original apparatus in use. 


connected to it through a Murphy drip and the rate of flow controlled 
by a stopcock. Only a moderate amount of continuous suction is re- 
quired to activate the apparatus. The suction system with which our 
surgical wards are equipped was used in this ease, but suction from a 
water pump would work very well. 

1 lie importance of restoring the fluid and electrolyte balance eannot 
be overestimated. This phase of treatment lias been emphasized and 
detailed recently by Coller and Maddock 6 " so will not be further dis- 
cussed here. There would appear, however, to be some factors con- 
tained in the normal digestive juices which cannot as yet he replaced 
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by intravenous therapy but are I’eturned to the patient by the restora- 
tion of tlie fluids lost through the fistula and contribute markedly to 
recovery. 

It would seem that the only indication for surgery in the earty treat- 
ment of these cases would be in those where an obstruction is present 
below the fistula or where, for some other reason, a soft rubber catheter 
cannot be passed. If it is impossible to pass a catheter into the lower 
loop, a jejunostomy should be performed to receive the efferent catheter. 
Where the opening is in the side of presenting bowel, the fenestrated 
tube or “well” may be inserted in the afferent side of the spur and the 
efferent catheter into the distal one. Where the fistulous tract is long 
and the opening high in the intestinal tract, the “well” may be inserted 
into the fistula and the efferent tube led to a duodenal tube whose tip has 
been passed well beyond the fistulous opening as suggested by Einhom. 



SUMMARY 


he pathological physiology 
is briefly summarized, 
he various methods used in 


of proximal external small bowel 
their treatment arc reviewed. 
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PATHOLOGIC study of hypertrophic arthritis of 

THE HIP C 


Malcolm H. Sawyer, M.D.,t axd Ralph Iy. Ghormley, M.D., 
Rochester, Minx. 

(From the Mayo Foundation- and the Section • oh Orthopedic Surgery, the Mayo Clinic) 

T HE disease of the hip characterized clinically by moderate or severe 
pain on motion, with creaking and grating, with no marked de- 
formity exeept in very advanced eases, and with stiffness of the joint 
after periods of rest and variously known as hypertrophic arthritis, de- 
generative arthritis, arthritis deformans, osteoarthritis, morbus coxae 
senilis, and by many other terms is one of the common causes of dis- 
comfort and disability in the middle and later years of life. 

The advances made in the study of its causation and prevention have 
been negligible in comparison with those made in the same fields in 
other diseases, or even in other forms of arthritis, and this is particu- 
larly true in proportion to the amount of disability caused by it. In 
a review of the literature on arthritis for 1937, Hench found only six 
articles of more than 700 in which hypertrophic arthritis rvas the sole 
or chief topic, and he came to the conclusion that it ‘ ‘ remains a neglected 
stepchild in the family of rheumatism.” 

It might be assumed from the foregoing discussion that the treatment 
of hypertrophic arthritis is in as sad a state as is our knowledge of its 
causation, since the efficacy of therapeutic procedures for any disease 
depends largely on a thorough knowledge of its causative factors. Such 
is the case, although within comparatively recent years numerous pro- 
cedures of one sort or another have been devised to alleviate the symp- 
toms. The various forms of physical therapy are still the most com- 
mon forms of treatment and in most cases will give a considerable degree 
of temporary relief. Diets, vaccines, and other similar methods, on 
the whole, are useless. Surgical procedures, consisting of manipulation 
under anesthesia, cheilotomy and remodeling of the head of the femur, 
acetabuioplasty, and forage of the head and neck of the femur, are some- 
times indicated in painful hypertrophic arthritis. Arthrodesis, accord- 
ing to Henderson, is usually refused by the patient although it is cer- 
tainly the procedure of choice in those patients whose occupations 
include heavy labor. Roentgen therapy is sometimes used, witli occa- 
sional favorable results. 


ETIOLOGY OF HYPERTROPHIC ARTHRITIS 

Inasmuch as the cause is not definitely known, it was thought that a 
brief review of the most widely accepted hypotheses might aid in undcr- 
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standing or interpreting the various pathologic changes which are found. 
It must be remembered in a discussion of the etiology, if not of the 
pathology, that hypertrophic arthritis may be either primary or sec- 
ondary and that the latter may be the sequela of traumatic arthritis or 
of the various forms of infectious or metabolic arthritis. Some authors, 
notably 0 ’Reilly, have maintained that the secondary types should not 
be included in a discussion of hypertrophic arthritis, since they are not 
the true primary type of osteoarthritis. However, the pathologic 
changes are the same, and they will be considered together in this paper. 

Trauma of a localized form must be given a place of prominence in 
any discussion of the etiology. Opinions vary from that of Fisher, 3 ’ 4 
who said that in this group it forms almost the sole etiologic factor, to 
that of Jones, -who expressed the opinion that it may be a determining 
but not an actual cause. Fisher expressed the opinion that the most 
important type of trauma in the production of hypertrophic arthritis 
is the frequently repeated microtrauma, rather than a single, severe 
contusion of a joint. He also pointed out the fact that there may be 
posttraumatic inflammation of a joint without the presence of infection. 
When posttraumatic intra-artieular changes do occur, they are hyper- 
trophic in character and pathologically the same as primary (senescent) 
hypertrophic arthritis. When the etiologic factor is a single acute con- 
tusion, it may be years before the hypertrophic changes appear, at 
which time it may be impossible to draw an analogy between a possibly 
youthful victim of trauma and a senile patient with hypertrophic arthri- 
tis. If such an acute injury resulted in a residual deformity, however, 
and particularly if at the time the patient presented himself the arthritis 
were monarticular or more severe in the traumatized joint than in un- 
traumatized joints, such an analogy would be logical. In a recent re- 
view of 150 cases of hypertrophic arthritis of the hips, 20 per cent gave 
a definite history of previous severe trauma of the involved joint. 

The association between hypertrophic arthritis and arteriosclerosis 
was noted by many of the older physicians, and for a time this was one 
of the favorite explanations for the occurrence of the disease, but any 
direct evidence that osteoarthritis may occur secondarily to arferioscJero- 
sis is very scanty and most modern observers discount this hypothesis. 
Numerous experiments have been done in an effort to support this hy- 
nothesis however, notably those of Wollenberg, who tied the patellar 
r Is of a dog and noted that this was followed by overgrowth of the 
VC f S lln with evidence of degeneration of the articular cartilage and 
P a e ’ j- changes. Fisher subscribed to this hypothesis to the ex- 
hyper iop t h e possibility that arteriosclerotic changes may 

tent tha ' ‘ decreased nutrition of degenerating cartilage, but, in 

contribute , q of sc ] er0 sis in early cases of osteoarthritis, he ex- 
view ox the < ^] 1C coexistent arteriosclerosis and osteoarthritis 

pressed the opmioi jr ene h found in the literature on osteoarthritis 

have a common cause. 



SAWYER AND GHORMLEY : HYPERTROPHIC ARTHRITIS OF HIP 383 

that the incidence of arteriosclerosis was no greater in osteoarthritis 
than in a similar age group without osteoarthritis and came to the con- 
clusion that little or no support could he found for the hypothesis. 

The inclusion of hypertrophic arthritis in the great group of diseases 
formerly classified under the single heading "rheumatism” and its con- 
sequent association in the minds of physicians and laymen with the 
infectious types of arthritis naturally have led to the formulation of 
numerous hypotheses of its causation based on the premise that it, too, 
was the result of infection. At the present writing, no organism has 
been found in osteoarthritis, and in view of the clinical course of the 
disease it seems unlikely that any specific organisms ever will be found 
within the joint. On the other hand, it is well recognized that in the 
more destructive types of infectious arthritis new bony formations and 
changes are encountered which are characteristic of hypertrophic 
arthritis. Kaufmann stated that it might follow infectious arthritis or 
chronic purulent synovitis, and Albee and Preston 1 said that it may 
become engrafted on healed arthritis of a tuberculous or pyogenic type. 
In general, the various authorities consulted agreed that osteoarthritis 
might supervene in a joint previously injured by bacterial invasion but, 
other than that, bacterial infection seemed to have no part in the picture. 

There may be some obscure bond between osteoarthritis and the duct- 
less glands, but it has never been definitely proved that the incidence 
of endoeine dysfunction is greater in those suffering from osteoarthritis 
than it is in others in the same age group who do not present symptoms 
of arthritis. Fisher expressed the opinion that disordered endocrine 
function plays an important, part in osteoarthritis, particularly the type 
seen in women at the menopause. He stated further that the same type 
of arthritis may be found in younger women after an artificial meno- 
pause, and Llewellyn said that the resistance of a patient to osteo- 
arthritis is lowered after thyroidectomy or the exposure of the thyroid 
to roentgen rays. According to both McCarrison and Llewellyn, osteo- 
arthritis is more common in regions of endemic goiter than one would 
normally expect. Favorable results are sometimes obtained by giving 
thyroid to osteoarthritie patients, but the probabilities are that the im- 
provement noticed is due to a general improvement in body economy 
rather than to any specific effect of the thyroid hormone on the arthritis. 

PATHOLOGIC CHANGES AS DESCRIBED IN THE LITERATURE 

Changes in the Articular Cartilage . — Ziegler expressed the opinion 
that the cartilage may still he intact at a time when there is already 
considerable deformity of the head of the femur. On the other hand, 
Fisher said that the first change observed by him is an alteration in the 
normal color and translucent appearance of the cartilage, particularly 
the central portion where he assumed that the circulation is inadequate. 
Jones bore him out in his assertion that the first changes are at the 
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standing or interpreting- the various pathologic changes which are found. 
It must be remembered in a discussion of the etiology, if not of the 
pathology, that hypertrophic arthritis may be either primary or sec- 
ondary and that the latter may be the sequela of traumatic arthritis or 
of the various forms of infectious or metabolic arthritis. Some authors, 
notably 0 Reilly, have maintained that the secondary types should not 
be included in a discussion of hypertrophic arthritis, since they are not 
the true primary type of osteoarthritis. However, the pathologic 
changes are the same, and they will be considered together in this paper. 

Trauma of a localized form must be given a place of prominence in 
any discussion of the etiology. Opinions vary from that of Fisher, 2 ’ 4 
who said that in this group it forms almost the sole etiologic factor, to 
that of Jones, who expressed the opinion that it may he a determining 
but not an actual cause. Fisher expressed the opinion that the most 
important type of trauma in the production of hypertrophic arthritis 
is the frequently repeated mieroti'auma, rather than a single, severe 
contusion of a joint. He also pointed out the fact that there may be 
posttraumatic inflammation of a joint without the presence of infection. 
When posttraumatic intra-articular changes do occur, they are hyper- 
trophic in character and pathologically the same as primary (senescent) 
hypertrophic arthritis. When the etiologic factor is a single acute con- 
tusion, it may be years before the hypertrophic changes appear, at 
which time it may be impossible to draw an analogy between a possibly 
youthful victim of trauma and a senile patient with hypertrophic arthri- 
tis. If such an acute injury resulted in a residual deformity, however, 
and particularly if at the time the patient presented himself the arthritis 
were monarticular or more severe in the traumatized joint than in un- 
traumatized joints, such an analogy would be logical. In a recent re- 
view of 150 cases of hypertrophic arthritis of the hips, 20 per cent gave 
a definite history of previous severe trauma of the involved joint. 

The association between hypertrophic arthritis and arteriosclerosis 
was noted by many of the older physicians, and for a time this was one 
of the favorite explanations for the occurrence of the disease, but any 
direct evidence that osteoarthritis may occur secondarily to arteriosclero- 
sis is very scanty and most modern observers discount this hypothesis. 
Numerous experiments have been done in an effort to support this hy- 
othesis however, notably those of Wollenberg, who tied the patellar 
P ls Q-j? a <j 0 g and noted that this was followed by overgrowth of the 
VC ,, evidence of degeneration of the articular cartilage and 

tixmertrophic changes. Fisher subscribed to this hypothesis to the ex- 
j admitted, the possibility that arteriosclerotic changes may 
tent tia decreased nutrition of degenerating cartilage, but, in 

contnbu e ^ of sc i e rosis in early eases of osteoarthritis, lie ox- 

view ox t ic < _ t l ie coexistent arteriosclerosis and osteoarthritis 

pressed the opinion T T„ Ilr i 1 found in the literature on osteoarthritis 
have a common cause. Henct 
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jacent trabeculae, particularly in the regions of eburnation. Accoi cl- 
ing to MaeCallum, when the bony surface is exposed, the resultant irrita- 
tion due to the motion of the joint sets up the formation of new bone, 
the surface layers becoming hard and compact. If a large enough area 
of bone is exposed, it may be worn away deep into the epiphysis, result- 
ing finally in a mushroom-shaped head. 

Fisher observed that the exposed surface of bone became “polished 
and glistened like porcelain,” and that frequently its surface was 
marked with grooves which he thought were produced by the epi- 
eeekondroses or perieceliondroses of the opposed articular surface. He 
also said that the subchondral plate may show evidence of thickening 
and increased density before the cartilage has disappeared, and Ziegler 



Fig. 1.— Periarticular ecchondrosis, with formation of new bone, just below its center, 
and increased thickness of the subchondral plate {Case 17, X25). 

thought he observed these changes even before the cartilage showed evi- 
dence of degeneration. Stockman and Sliattock studied the surface of 
the eburnated bone and observed that the Haversian canals opened on 
its surface as the bone was gradually worn away, thus proving, if there 
were any doubt, that the eburnated surface is composed of true bone. 
Stockman also expressed the opinion that the Haversian canals were 
invaded by many small blood vessels, possibly resulting in atrophy 
and absorption of tlie underlying bone. 

Allison and Ghormley, besides observing some of the foregoing patho- 
logic changes, also noted an increased thickness of the trabeculae sub- 
jacent to the regions of eburnation. 

Pathologic Changes in the Pone ALavrow . — The characteristic changes 
observed in the marrow consisted, briefly, of fibrosis or its variations. 



384 


SURGERY 


center of the cartilage. The cartilage soon begins to show some micro- 
scopic changes with an alteration in the staining reaction of the matrix, 
but with as yet no changes in the cartilage cells. At a slightly later 
stage, according to Fisher, fibrillation of the matrix and degeneration 
of tlie cells near the articular surface of the cartilage appear. He 
pointed out the obvious fact that there is no invasion of the cartilage 
by fibrous tissue at this stage and stated that by “fibrillation” he meant 
a mere splitting of the matrix. As the degeneration of the cartilage 
progresses, the cellular elements degenerate and one may observe de- 
posits of calcium salts in the deeper layers of the matrix. Finally, the 
cartilage may be completely worn away from the subchondral plate. 

According to MaeCallum the changes are predominantly in the 
cartilage, which first becomes fibrillated or plnshlike, and Stockman ob- 
served that the cartilage was early dulled in color, suffering a loss of 
its normal “polish,” subsequent to which small elevations appeared 
over its surface with larger irregular masses at the margins of the joint, 
consisting of spongy bone covered with cartilage. The matrix at this 
stage may he normal or fibrillated, and there is active proliferation of 
the cartilage cells. Later the matrix becomes definitely fibrillated, the 
more superficial layers horizontally, the deeper layer's vertically, and the 
top layer is worn away, leaving the lower furlike layer with actively 
proliferating cartilage cells which are discharged into the joint space. 

According to Fisher, the small elevations appearing over the surface 
of the cartilage, and observed by Stockman, are properly called epi- 
articular ecchondroses, in distinction from periarticular cechondroses, 
and are the result of invasion of the deeper layers of the cartilage by 
osteoid tissue with the formation of new bone, or the result, of ossification 
in the cartilage itself which has previously undergone hyperplasia of 
some sort. It is pointed out that these ecchondroses may become de- 
tached to form loose bodies in the joint. 


Fisher expressed the opinion that the more competent circulation at 
the periphery of the joint explains in large part the formation of the 
periarticular ecchondroses (Fig. 1 ). He observed that, when the de- 
generation of the central cartilage was well advanced, the marginal 
cartilage showed signs of hypertrophy, producing the condition known 
as “lippin 0 '.” These periarticular ecchondroses arc eventually invaded 
osteoid" 3 tissue, as were the cpiarticular ecchondroses, and become 
J -fied to form a chondro-ostcophytc. They may later become eburnated 
0SS1 . C . n .. nner conditions and have been known to break off to form 
! l ‘tidies ii the joint cavity. According to Nichols and Kichard- 
00S i 3l m these marginal exostoses usually appear first in the capsular at- 
son > ' ' A i<rrcc with Fisher that they form an actual increase 

tachmcnts, and tnc • - , 

i vp of the articular surcatL. 

in the si. ( j ic 770, ir.— The most striking change in the 

Pathologic j ,( 1 ^ thickening of the subchondral plate and its sub- 



SAWYER AXD GHORMIJEY: HYPERTROPHIC ARTHRITIS OF HIP 3b l 

small areas of grayish tan discoloration were seen. Proliferation of 
the marginal cartilage was present in every case in which part of the 
margin of the articular surface was present, and in these regions the 
cartilage seemed to he in a better state of preservation. It was not as 
soft as was the cartilage in the central areas of the articular surfaces, 
was pearl gray in color, and in a few instances gave a definite translucent 
appearance. Numerous small pits were observed in some of the sections, 
principally in the region of the central articular area. 



Fig. 2. — Vertical fibrillation of the cartilage matrix (Case 1, X90). 

Numerous areas of eburnation were found, varying in size from a few 
millimeters to several centimeters, and they invariably presented a 
highly polished, glistening appearance. On crass section of the speci- 
mens it was seen that the subchondral plate was thickened in most cases 
in the eburnated areas, and the eancellous portion of the hone also 
seemed to be more abundant subjacent to these areas. These changes 
were not observed in those regions still protected by the articular 
cartilage. 

No definite conclusions could he reached as to the condition of the 
marrow. Synovial tissue, when present in large enough amounts to 
examine grossly, seemed to be firm and fibrous in character. 

The microscopic examination revealed degeneration of the articular 
cartilage in every instance. Some beautiful examples of both longi- 






386 


SURGERY 


So-called cysts filled with loose fibrous tissue were seen by most of the 
observers, and in many instances the marrow had apparently been re- 
placed by fat tissue. The fibrosis of the marrow spaces was apparently 
particularly evident in the region of the subchondral plate. 

Pathologic Changes in the Synovial Membrane and. Capsule. — At the 
same time that lipping of the articular margin appears (Fisher), the 
synovial membrane proliferates with the formation of new villi and 
hypertrophy of the old villi. Later in the disease the membrane may 
become atrophic and comparatively smooth. When examined micro- 
scopically, the villi are seen to be very vascular and most of the synovial 
tissue has been replaced by fibrous tissue. Cartilaginous bodies may 
form in the villi, later to be broken off to form loose bodies in the joint 
cavity. 

Changes in the joint capsule were apparently not observed, although 
Fisher mentioned that the capsule may "migrate” to accommodate itself 
to the changing shape of the head of the femur. 


PATHOLOGIC OBSERVATIONS ON OUR MATERIAL 

The percentage frequency of different pathologic features in the nine- 
teen cases on which this paper is based is shown in Table I. 

Table I 

Percentage Frequency or Different Patholocic Features in IP Cases or 
Hypertrophic Arthritis of the Hip 


PATHOLOGIC FEATURES 


Degeneration of articular cartilage 
Fibrillated cartilage 
Pitted cartilage 

Proliferation of marginal cartilage 
Increased calcification of deeper 
cartilage matrix 

Increased thickness of subchondral 
plate 

Eburnation 

Increased thickness of trabeculae 
subjacent to eburnation 
Atrophic marrow 
Osteoid tissue formation 
Pibrosis cystica 
Fibrous synovial membrane 
Arteriosclerosis 

Collections of lymphocytes in 
synovia or marrow 
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was a pan 0 ^ translucent appearance, and on a few specimens 
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fibrous tissue or pannus in which there was no evidence of lymphocytic 
infiltration. Most of the cartilage cells were pyknotic, and this was 
particularly true of those cells near either surface of the caitilage. 
No definite evidence of proliferation of the cells was found in any of 
the degenerating cartilage. In numerous instances the cartilage ad- 
jacent to the subchondral plate had been invaded by fibrous tissue from 
the marrow which, in some cases, had dedifferentiated into osteoid tissue 
with evidence of the formation of new bone. Increased deposition of 
calcium salts in the deeper matrix was found in all the specimens 
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The most striking change noted in the bone "was the increased thick- 
ness of the subchondral plate (Pig. 4), chiefly- iff "the regions of ebuma- 
tion. Slight increases in its thickness were noted subjacent to areas 
where the cartilage was markedly degenerated, but under areas that 
were still protected by a moderately thick layer of cartilage the sub- 
chondral plate was not thickened and, in some instances, was even 
thinner than normal. In the regions of eburnation there was usually 
extensive formation of new> bone in the marrow spaces immediately 
subjacent to the subchondral- plate with increased thickness of the 
trabeculae as well as of the plate. It was evident that the marrow had 
been replaced by fibrous tissue which had dedifferentiated into osteoid 
tissue with subsequent calcification. This chain of events was almost 
never seen in those areas which were still protected by a layer of 
cartilage, no matter how degenerate, but it was observed that in numer- 
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tudinal and vertical fibrillation of the matrix were seen, accompanied 
in most instances by irregular staining qualities (Pig. 2). The longi- 
tudinal fibrillations were much finer in character than the vertical 
fibrillations, with an occasional pyknotic chondrocyte lying among the 
“fibers” here and there. Pitting of the cartilage was observed in some 
of the specimens, and some of them appeared to be filled with a loose 


Fig. 
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ous spots the subchondral plate and lower cartilage matrix had been 
invaded by small wicks, so to speak, of fibrous tissue which, in some 
instances, had dedifferentiated into osteoid tissue with the formation of 
small islands of bone in the cartilage matrix adjacent to the subchondral 
plate. This latter process seemed to be an endochondral ossification 
rather than the intramembranous ossification observed under the areas 
of eburnation. The manner in which the trabeculae under the eburnated 
areas had thickened and “gathered together,” so to speak, to form a 
support for the subchondral plate was remarkable, and in two instances 
almost a solid pyramid of bone was observed extending into the can- 
cellous portion of the head (Fig. 5). Many of the bone cells, particu- 
larly in the areas of eburnated bone, were pvknotic, and Haversian 
canals were observed opening onto the surface of the eburnated areas. 



* 1& 8 — -Ytrophy of marrow, eburnation. and thickening of trabeculae and subchondral 

plate (Case 7, XI). 

. < ^ ie S rea t majority of the marrow spaees had become filled with fat 
tissue although, as described previously, the spaces adjacent to the sub- 
chondral plate were frequently filled with either osteoid tissue or fibrous 
tissue (Fig. 6), giving the appearance of osteitis fibrosis cystica. In a 
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few fields fairly normal marrow tissue was seen, but even here there 
liad been much replacement by fat cells. 

The synovial tissue invariably showed evidence of fibrosis, with mark- 
edly increased vascularity (Fig. 7). The sclerosis of the vessels was 
graded according to the method of Kernohan, Anderson, and Keith 9 ’ 15 
and varied from no evident sclerosis in 5 of the 19 cases studied, to 
Grade 3 sclerosis on a basis of 1 to 4 in 2 of the cases. Of the remaining 
12 cases, one was graded 0 to 1, two were graded 1, two were graded 
1 to 2, five were graded 2, and in two the grade was not stated. 

Fig. 8 shows the association of several of the foregoing changes in 
the same case. 

SUMMARY AND CONCLUSIONS 

Nineteen specimens of hj'pertrophie arthritis of the hip have been 
studied, and the pathologic changes observed have been described. It 
was found that: 

1. The initial degenerative changes appear in the cartilage and are 
characterized by fibrillation, pitting, degeneration of the cartilage* cells, 
and increased calcification of the deeper matrix. 

2. The marginal cartilage proliferates and shows few of the signs char- 
acteristic of degeneration. 

3. As the cartilage disintegrates and is worn away, the bone is exposed 
and becomes eburnated with thickening of the subchondral plate and 
the subjacent trabeculae by means of intramembranous ossification. 

4. The subchondral plate may or may not be thickened. The 
trabeculae are almost never increased in size in those areas that are still 
protected by cartilage, and most formation of new bone in these areas is 
of the endochondral type. 

5. The normal marrow is replaced by fat or loose fibrous tissue which, 
in some instances, dedifferentiates into osteoid tissue. 

6. The synovial membrane is invaded by fibrous tissue with markedly 
increased vascularity. 

7 Little evidence was found to support the hypothesis that arterio- 
sclerosis is an etiologic factor of osteoarthritis. 

8 Finally, no collections of lymphocytes were found which arc char- 
acteristic of the infectious types of arthritis. 
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Recurrence took place, and tumors of varying sizes about the shoulder were re- 
moved on Dec. 22, 1923, July 15, 1925, and N'ov. 14, 1925. Radium was implanted 
into the wound on each occasion, the largest exposure being given on N'ov. 14 when 
200 mg. of radium were allowed to remain for forty-eight hours. All during this 
time the patient stoutly refused to submit to an operation that would sacrifice the 
arm. From the large doses of radium used, severe radium burns resulted. However, 
on March 29, 1920, the patient returned with a beginning gangrene of the fingers. 
The arm was cold and cyanotic, and the radial pulse was barely perceptible. A large 
recurrence had taken place in the axilla which had involved the axillary vessels. 
On March 31, 1926, the arm, including the clavicle, was removed, but a wide dis- 
section of the axilla did not seem justifiable at this time because of the patient’s 
rather poor condition. One month later, on April 26, 1926, the patient meanwhile 
having greatly improved, a very radical removal of the involved area was carried 
out. The subelavian vessels were ligated medial to the anterior scalenus muscle. The 
cervical nerves giving rise to the brachial plexus were severed in the same region. A 



Fig. 1.— Showing scars of previous operations and a large recurrence on the posterior 

aspect of the shoulder. 

wide circle of skin was made and carried down to include a large portion of the 
pectoralis major and minor muscles and the anterior edge of the trapezius muscle. 
A portion of the second rib that had become necrotic was removed, along with the 
axillary contents, well below the recurrence and down to the chest wall. The dis- 
section was carried so high on the subclavian vein that injury to the thoracic duct 
took place, as evidenced by a spill of considerable chyle into the operative wound. 
A gauze pack was placed in the area from which chyle was seen to ooze, and, when it 
was removed several days later, no further discharge of this nature was seen. FoIIow- 
ing the operation an uneventful recovery took place, and no evidence of recurrence 
has since been noted. This individual has carried on with his work as a court stenog- 
raplier and in spite of the loss of the arm and shoulder is able to hunt and shoot 
birds with considerable accuracy. Many details in the conduct of this case have been 
omitted for the sake of brevity, such as x-ravs for possible metastasis, transfusions 
and minor complications. 



THE TREATMENT OF TUMORS OF THE SHOULDER REGION 
BY INTERSCAPULOTHORACIC AMPUTATION 

J. E. Strode, M.D., and E. A. Fennel, M.D., Honolulu, T. H. 

( From the Clinic) 

F NCEPTIONALLY tlie occasion arises where it seems justifiable to re- 
move the arm with the shoulder girdle in the treatment of tumors 
when less drastic measures have proved to be ineffective. The loss of 
this part of one’s anatomy is not only extremely crippling and dis- 
figuring, but the extensiveness of the operation is of sufficient magnitude 
to carry with it an appreciable mortality. Therefore, it is a point re- 
quiring considerable surgical acumen to determine correctly the time 
when less radical measures should be abandoned in favor of inter- 
scapulothoracie amputation. 

Occasionally this operation may be indicated following trauma to the 
shoulder, rarely for an inflammatory process such as that described by 
Milch , 1 but undoubtedly the most frequent indication will continue to he 
a relatively benign radioresistant tumor that cannot be widely enough 
excised locally, due to nearness to structures important to the arm, to 
prevent local recurrences ; in other words, tumors that are locally malig- 
nant due to their anatomical location and not from their morphologic 
composition. 

Most probably the more malignant lesions will continue to be treated 
by local excision and/or irradiation until the biologic properties of the 
lesion have asserted themselves and metastatic deposits preclude more 
than efforts at symptomatic relief. Few surgeons would have the 
temerity to insist on radical amputation when first confronted with such 
a lesion in its virgin state, and a person who would submit to such a 
deforming and crippling operation without first giving conservative 
measures a trial scarcely can be imagined. The two following case 
records, we believe, exemplify the types of lesions in which inlerseapulo- 
thoracic amputation will most frequently be of value. 


CASE REPORTS 


gE j ^ p ar t Hawaiian male first came under our care on .Tan. 1.'!, 1923, at the 

'f 31 rears, complaining of a swelling in the posterior region of the left shoulder. 
°Hrilmte<l his trouble to having been struck by a baseball in this region in 10 U. 
, r! a no j UT 1 (i) J91S that a swelling was first noticed in this area. This 

However, i removc( i a t that time. It recurred and was removed along with the 
tumor was Julv, 1922, a twenty-two-pound mass was again removed from 

scapula tn 1 •• ’ Qn jyp. 7 , J923, the mass in the posterior part of the 

the back 01 - . ^ , in( | ;l smaller one above the clavicle were removed, and 

shoulder, as shown implanted into the wound and left for twenty-three hours. 

200 nw. of radium were 1 

Received for publication. May 4. UMO.^ 
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Recurrence took place, and tumors of varying sizes about the shoulder r\ere re- 
moved on Dec. 22, 1923, July 15, 1925, and Nov. 14, 1925. Radium was implanted 
into the wound on each occasion, the largest exposure being given on Nov. 14 when 
200 mg. of radium were allowed to remain for forty-eight hours. All during this 
time the patient stoutly refused to submit to an operation that would sacrifice the 
aim. From the large doses of radium used, severe radium burns resulted. However, 
on March 29, 1926, the patient returned with a beginning gangrene of the fingers. 
The arm was cold and cyanotic, and the radial pulse was barely perceptible. A large 
recurrence bad taken place in the axilla which had involved the axillary vessels. 
On March 31, 1926, the arm, including the clavicle, was removed, but a wide dis- 
section of the axilla did not seem justifiable at this time because of tire patient’s 
rather poor condition. One month later, on April 26, 1926, the patient meanwhile 
having greatly improved, a very radical removal of the involved area was carried 
out. The subclavian vessels were ligated medial to the anterior scalenus muscle. The 
cervical nerves giving rise to the brachial plexus were severed in the same region. A 



Fig. l. — Showing scars of previous operations and a large recurrence on the posterior 

aspect of the shoulder. 

wide circle of skin was made and carried down to include a large portion of the 
pectoralis major and minor muscles and the anterior edge of the trapezius muscle., 
A portion of the second rib that had become necrotic was removed, along with the 
axillary contents, well below the recurrence and down to the chest wall. The dis- 
section was carried so high on the subclavian vein that injury to the thoracic duct 
took place, as evidenced by a spill of considerable chyle into the operative wound. 
A gauze pack was placed in the area from which chyle was seen to ooze, and, when it 
was removed several days later, no further discharge of this nature was seen. Follow- 
ing the operation an uneventful recovery took place, and no evidence of recurrence 
has since been noted. This individual has carried on with his work as a court stenog- 
rapher and in spite of the loss of the arm and shoulder is able to hunt and shoot 
birds with considerable accuracy. Many details in the conduct of this case have been 
omitted for the sake of brevity, such ns x-ravs for possible metastasis, transfusions, 
and minor complications. 
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Pathologic Findings . — With tissue from the first conservative operation the first 
cut of tlie knife revealed the fact that the tumor was obviously a chondroma, but the 
preparation of sections and their interpretation presented certain obstacles. The tis- 
sue was so soft and slippery and in places so mucinous and myxoid that it was most 
difficult to prepare frozen sections. When blocks of tissue were dehydrated for 
paraffin embedding, they shrank to about one-quarter of their size. No one block 
of tissue looked like another, and the arrangement and architecture were most un- 
even. The tumor was traversed by septae that carried blood vessels ; in the neighbor- 
hood of these vessels the cartilage cells were numerous, small but unequal in size, 
clumped together in groups, apparently growing rapidly, and crowding each other, 
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removed at 
cells, their 

the last shape and their clumpinp togcmcr. Arrows some of the 

variation in size and shape.^^^ Qf tcchnical difllcuities in preparing thm sections, 
mitoses, poorly s noun 

, . tpr se „ rc u no mitoses were found in those sections. In other remote areas 
though, after - • > ^ allc j ] ar g e . Tiie matrix itself was quite without struc- 

the cartilage ce s t;onie are as, slightly granular in other areas, and wholly 

ture and very abun an cons iderocl myxoid rather than truly myxomatous. Sub- 
mucinous in others. * tions yielded tissue that did not differ microscopically from 

sequent conservative °P ‘ a ] on c CO uld a differential diagnosis between benignity or 
the first. On no one s ‘ t ] lc var i a tion in size of cells and particularly the 

malignancy be made. ^ ] lv p erc ], roma tic nuclei inclined us toward consider- 

presence of the smaller one. constant recurrence of the tumor after multiple 

: r— »• 
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All subsequent sections examined were similar to the first except those from the 
last conservative operatidn before the radical one, when the tumor had become much 
more cellular, the cells varied more greatly in size and shape, and frequent, rather 
irregular mitoses appeared (Fig- 2). 

In brief, no one or more slides at any time, except for those from the last con- 
servative and final radical operation, gave absolute evidence of the malignancy of 
this chondroma, a group most difficult for accurate histologic diagnosis. The com- 
bination, however, of the sections and the history of recurrence made certain of the 
local malignancy. 



Fig. 3. — Following interscapulothoracic amputation. 


Case 2. — A Caucasian male, aged G2 years, came under our observation on 
Dec. 1, 1937. His trouble dated back to 1904, at which time he was bitten on the 
top of the right shoulder by a venomous snake (Queensland death adder) in Australia. 
A keloid first began to develop in this area in 1912 and was excised in 1913. Ho 
further trouble was noticed until 1935 when a swelling developed in the same region 
for which several applications of radium were administered. 

In December, 1937, examination revealed a tumor approximately 2 cm. in diam- 
eter situated midway between the clavicle and spine of the scapnla on the superior 
aspect of the right shoulder. There was considerable breaking down of the surround- 
ing superficial tissue, apparently the result of previous irradiation. The patient com- 
plained of much pain in the involved area. X-rays of the shoulder showed no bone 
involvement. A radiograph of the chest revealed no demonstrable metastasis. The 
first operation was performed on Dec. 7, 1937. As radical a removal of the tumor 
and adjacent ulcerated area was done as seemed justifiable. This included a portion 
of the deltoid muscle, a portion of the trapezius muscle, and areas close to the 
brachial vessels and anterior to the clavicle. 

The pathologic report of the removed tissue was “fibrosarcoma of low malig- 
nancy. ’ Various sections of the tissue removed from different areas of the opera- 
tive specimen were described as: “(a) Pure, hard, fibrous keloid, (b) fibroma very 
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like uterine fibroids, and (c) fibrosarcoma with mucoid type of degeneration but 
many mitoses. ’ ' 

From this operation the patient made a good recovery. Examination of the speci- 
mens seemed to show adequate removal. The area was later successfully skin- 
grafted. 

A second operation was performed. On July 22, 1938, at a follow-up examination, 
a small, freely movable nodule approximately 1.5 cm. in diameter was removed just 
below the outer third of the clavicle. Examination of the tissue elicited the follow- 
ing report: (i Tissue: Recurrent fibrosarcoma. Tissue looks rather mature, ripe, and 
relatively benign, closely resembling keloid, but there are many mitoses present.” 
Shortly thereafter another nodule was seen to be developing just lateral to the one 
described. At this point it was decided that the patient should be given the benefit 
of consultation, particularly as related to irradiation. He was referred to Dr. Edwin 
I. Bartlett, of San Francisco, whose opinion and treatment are briefly recorded as 
follows : 


After examining the patient and reviewing the microscopic slides submitted in 
consultation with x-ray and pathologic chiefs at the University of California Hos- 
pital, it was decided that the situation looked serious but that surgery followed by 
irradiation seemed justifiable. It. was felt that the lesion was a sarcoma of high 
local virulence but of low grade as far as metastasis was concerned. 

At operation a large nodule was found attached to the clavicle, and another mass 
of tumor was found beneath the clavicle and adherent to it at the site of the previous 
operation. All the involved tissue was removed with wide margin and was packed 
down to the fossa behind the clavicle, so as to leave exposed the area of deepest 
recurrence. 

A subsequent communication from Dr. Bartlett read as follows: “I warned Mr. — 
that we could not guarantee against a future recurrence and that time only would 
tell. He seemed to understand the situation thoroughly but felt as I did that after 
Dr. Taussig’s rather strenuous treatment with radium the chances of recurrence were 
reduced to a minimum. ’ ’ 

The patient returned to our care on Sept. 22, 193S. A fourth operation was per- 
formed on Oct. 5, 1938. He was again subjected to operation because of the ap- 
pearance of a tumor just beneath the outer third of the clavicle. The tumor, which 
was approximately 2 cm. in diameter, was found lying beneath and in the pectoralis 
major muscle. It was attached to, but apparently not involving, the under surface 
of the clavicle. Due to its intimate contact with the brachial plexus and associated 
vessels complete gross removal of the tumor seemed doubtful. Eight 2 mg. tubes of 
radium were packed into the edges of the wound and allowed to remain for forty- 


eight hours. 

A fifth operation was performed on Dec. 14, 1938. A recurrence had taken place 
bove the clavicle a little medial to its midportion. This could be only inadequately 
moved because of its adherence to the brachial vessels. Ten 1 mg. tubes of 
^dium were implanted around the edge of the wound and allowed to remain for 


forty-eight hours. 

J . - o Report. -Tissue removed at the primary operation and the two sub- 

onservative ones showed, in histologic preparations, a remarkable similarity, 
sequent cons ap ed cells in bands and whorls and the whole section quite homo- 

the same spi ull ^ u ]y vascular. The earlier sections contained few or no mitoses, 

geneous am ^ ,j l j g j as t conservative operation showed again a similar picture 
The sections .. s were now present, even though they were small, compact, 

save that very man; (Fig 5 ). 

and not outstandingly j n t i ie reg ; ons previously described, and at Dr. 

Subsequent recurre ,vere injected with cystine hydrochloride, according to the 
Bartlett’s suggestion t I Dr. Jesse L. Carr. They apparently were not enthusiastic 
technique as descri e >. lmt had noted some encouraging results, 

about the results to be e. l 
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whether or not the condition was operable, the clavicle was first disarticulated at its 
sternal attachment and the incision carried back across the base of the neck and to 
the chest wall by severing the upper medial portion of the pectoralis major muscle. 
Opportunity was afforded by lifting the clavicle to explore the structures beneath. 
This maneuver was considerably handicapped as a result of much scar tissue forma- 
tion from previous operative trauma and irradiation. There being no evidence of 
extension of the lesion to these areas, the operation was performed. The subclavian 
vein was ligated first; the anterior scalenus muscle was then severed after isolating 
and protecting the jdirenic nerve; this gave adequate exposure of the subclavian 
artery which was then ligated. It does not seem necessary to describe in detail the 
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„ Thp Photomicrograph of the fibrosarcoma was made from tissue removed 
Fig. o.— -Tne pn operation and shows the homogeneity of its structure, the 

at the last eed in bands and whorls, their similarity in size and shape, and 

spindle cells arianli _ indicate the very numerous, but rather normal, small mitoses 
the avasculamj. -v 
and pyknotic nuclei. 


f interscapulothoracie amputation since this has been adequately covered 
operation treatises on this subject. It would seem, however, that an tip- 

by many s an . ^ described permits the control of the vascular supply to the 
proach Stich as 1 < . tart ;m ,j a [ 50 enables one to explore the regions which, if 

operative field rom proceedin': with the operation inadvisable. Littlewoodf ad- 
involved, moult ren hack. At this particular operation a rather large skin 

vocates an approac i ac pect of the arm was preserved in order to cover the 

flap from tho axilla (]ie O ] )0 ration well, being given a transfusion at its 

completion. 
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A somewhat complicated convalescence ensued due to the fact that the patient 
developed an acute cholecystitis requiring operation. 

The examination of the removed specimen revealed, in addition to the involvement 
previously described, a nodule of tumor tissue the size of an English walnut lying 
directly beneath the clavicle and intimately associated with the brachial vessels. The 
excision lines seemed adequate. To date,' the patient is well, back at his former 
occupation, and without evidence of recurrence. 



Fig. 6. — Following interscjipulo thoracic amputation. 



Fis. 7. — simple appliance to preserve contour of shoulder. 
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SUMMARY 

Two persons upon whom successful interscapulothoracic amputations 
have been performed are reported. They suffered from conditions whicli 
we believe most frequently justify the operation under discussion; 
namely, patients suffering from locally malignant and recurring tumors, 
not prone to metastasize, so situated that they cannot be effectively re- 
moved locally because of their close proximity to structures important to 
the arm. 
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METASTASES IN THE SKULL PROM CARCINOMA 
OF THE THYROID 

A Clinical and Roentgenographic Study of Two Cases 
With a Brief Survey of the Literature 

Oscar Turner, M.D., and William J. German, M.D., 

New Haven, Conn. 

(From the Department of Surgery, Tale University School of Medicine) 

B ULKY soft tissue tumors which involve the skull are not very com- 
mon and when seen usually present a problem in differential diag- 
nosis. The tendency for thyroid carcinomas to metastasize to the skull 
is recognized generally. However, the insidious character of the primary 
growth, the long latent period which often supervenes between the 
recognition of the primary growth and its secondary manifestations, 
and the unusual characteristics of the secondary tumor in the skull often 
make the diagnosis difficult. 


literature 

The incidence of carcinoma of the thyroid, as given by different 
writers, varies between 0.5 and 2 per cent of all thyroid disease. Hare 
and Swinton 1 found primary malignant disease of the thyroid to be 
present in 2.4 per cent of the cases in a series of 15,522 thyroid opera- 
tions on 12,946 patients at the Lahey Clinic. In the series of almost 
17,000 thyroidectomies reported by Crile and his associates, 2 malignant 
disease was present in approximately 2 per cent. Metastases from car- 
cinoma of the thyroid are found most frequently in the lungs. The 
combined figures of Pemberton, 3 Ehrhardt, 4 and Dinsmore and Hicken, 5 
give an average incidence of 31 per cent pulmonary metastases in a 
total of 940 cases. In Pemberton’s series of 438 cases there was 
metastasis to the lungs in 24 per cent, while Ehrhardt 4 reported 
metastasis to the lungs in 54 per cent of 238 cases of all types of 
malignant goiter. Dinsmore and Hicken 5 found pulmonary metastasis 
in 14 per cent of 264 cases. 

Despite the higher frequency of pulmonary metastasis, most attention 
has been directed toward the skeletal system as the site of secondary 
growths. Carcinomas of the thyroid, along with carcinomas of the 
breast and prostate, have a striking tendency to metastasize to bone. 
The special interest in the skeletal system is due probably to the rela- 
tively high incidence of involvement and to the fact that a seeondarv 
growth in bone may be the first indication of malignant disease in the 
thyroid gland. Dinsmore and Hicken 5 were able to find in the literature 
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223 cases of bone metastases from malignant goiter. These writers 
found that 6 per cent of their 264 cases of malignant thyroid disease 
metastasized to bone or IS out of 124 cases in which metastases were 
present. Pemberton 3 also found 6 per cent of his 438 cases of malig- 
nant thyroid disease had secondary growths in the skeletal system. 

The predilection for secondary thyroid carcinoma to involve certain 
of the bones of the skeletal system has been recognized for some time. 
While the metastatic lesions are occasionally single, in most instances 
there are multiple foci with involvement of several organs or systems. 
According to Ewing, B the metastases generally appear first near the 
cranial sutures in the skull or in the region of the epiphyses in the long 
bones. The most frequent sites of localization within the skeletal system 
are the skull, vertebrae, and pelvis. Deposits are also commonly found 
in the sternum, mandible, femur, clavicle, and ribs. The subject has 
been reviewed by several writers, notably Joll, 7 Simpson, 8 and Ginsburg. 0 

Metastatic lesions to the skull occasionally appear as an isolated lesion, 
but the metastatic process is usually more widespread. Many of these 
metastatic lesions exhibit pulsations synchronous with the arterial pulse 
and may be mistaken for aneurysms. Crile 10 has recently reported four 
such lesions of the sternum and reviewed the literature upon the subject. 

One of the first pulsating tumors of this sort to be reported was that 
of Morris. 11 In this case a large parietal lesion developed and later 
began to pulsate before multiple metastatic lesions became apparent 
in the skeletal system. The early literature contains several reports of 
bulky metastatic tumors of thyroid origin in the skull. Ilaward V 2 case 
had a large pulsating tumor in the skull as well as in the left scapula 
and iliac bone. Death in that instance was due to the cranial lesion 
which had reached sufficient size to cause compression of the brain. 
Wolfer’s 13 case was of a rapidly growing frontal lesion which was asso- 
ciated with enlargement of the left lobe of the thyroid. A similar case 
was reported by Cramer. 14 Kanoky 15 in 1916 reported a case in which 
a metastatic tumor arose in the left temporal region. At death it was 
found that the growth was attached to the dura and had displaced fully 
one third of the contents of the left side of the cranial cavity. Recenl Iy 
Connell 16 has reported two cases of massive met astatic tumor to the 
11 In his first case there was no biopsy of either the primary or 
S U darv growth and the diagnosis was made clinically. A biopsy of 
secon ^ . w umor in the second case was diagnosed as adenocarcinoma 
the crania . adenoma, the diagnosis of carcinoma having been 

subsequen ^ ^ metastatic nature ol' the tumor. The growth had 

made clue J ^ taWe and most ^ 1C in,ler table of the occipital 
destroyed toe on ^y;]jj amson >- 1ms reported a similar case in which 
region of the s nl 0 £ three large growths which had destroyed much 
the skull was t ie Although there was no biopsy of either the 
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primary or secondary growths, the thyroid gland was markedly en- 
larged. In both of Connell’s eases there was a palpable mass in the 
thyroid gland. None of the cases reported by these two authors ex- 
hibited pulsation. 

Pathology . — It is generally recognized that carcinomas of the thyroid 
may exhibit few histologic evidences of malignancy, either in the 
primary or secondary growths. Muller 18 in IS71 was apparently the 
first to note the tendency for metastatic lesions of the thyroid to appear 
microscopically benign. The much quoted ease of Cohnheim 19 in which 
a “benign adenoma” of the thyroid metastasized to bone has been re- 
viewed by several writers 5 ’ 8 and it is generally agreed that the tumor 
in question showed definite evidence of malignancy. The concept that 
“benign adenomas” of the thyroid can give rise to distant and wide- 
spread metastases has gained favor with some writers. Joll T accepted 
this view and collected from the literature forty-three cases in which 
bone metastases were associated with a “normal thyroid or benign 
goiter” and added another of his own. Kanoky, 15 in reviewing the 
literature from the standpoint of nonpulsating tumors of the skull, also 
accepted this concept. Similarly, Ginsburg,” in a study of bone 
metastases in thyroid tumors, concluded: “Bone metastasis is of fre- 
quent occurrence not only in carcinoma and sarcoma but also in simple 
adenoma of the thyroid gland. ’ ’ 

Many writers, however, especially those who have studied the problem 
more recently, do not accept such an entity as the benign metastasizing 
adenoma or goiter. Simpson 8 carefully reviewed the literature and came 
to the conclusion that there is no “benign metastasizing goiter.” 
Similarly, Dinsmore and Hicken 5 were led to conclude that the so-called 
benign metastasizing adenomas are malignant lesions and agree with 
Simpson that the term is misleading and should be abandoned. 
Graham 20 - 21 emphasizes the careful study of the tumor for local evidence 
of malignancy and states that in his cases in every instance in which 
metastasis has occurred from a malignant adenoma blood vessel in- 
vasion has been noted. In a study of four cases of malignant adenoma 
of the thyroid with local recurrences in the veins of the neck, Graham 28 
states: “In none of the cases was the tumor as a whole frankly car- 
cinomatous from a purely histological standpoint. . . . The pathologist 
as well as the clinician at the time of the primary operation had diffi- 
culty in mailing a positive diagnosis of malignancy.” On this basis 
Crile and Crile, Jr., 53 have advocated radical resection of the neck veins 
in cases of malignant tumors of the thyroid gland. 

REPORT OF CASES 

Cask 1. — A 41-vear-old white woman was first admitted to the hospital in 
February, 1931, with the complaints of enlargement of the right side of the neck 
and a swelling on the head. In the spring of 1930 she had first noticed a hard, 
painless lump in the right side of the neck. The following summer the patient 
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developed a painless swelling- in the left frontoparietal region, which gradually 
increased in size, but the patient did not consult a doctor until about ten months 
previous to hospital admission. The past history was essentially noncontributory. 
There had been no cranial trauma, night sweats, palpitation, or weight loss. 

The positive physical findings at the time of admission were limited essentially 
to the head and neck. The right lobe of the thyroid was considerably enlarged. 
The portion of the lobe which was adjacent to the trachea was of stony hardness 
and fixed to the contiguous structures, while the remaining tissue was soft and 
diffusely enlarged. The gland did not pulsate and no bruit could be heard. Laryngo- 
scopic examination revealed a normal larynx with no evidence of vocal cord 
paralysis. 

In the left frontoparietal region was a pulsating tumor which measured 4 by 
1.5 cm. The mass was fixed to the underlying structures and, although the pulsations 
were synchronous with the heart beat, no bruit could be heard. Neurologic examina- 
tion gave normal results. The basal metabolic rate was plus 10 per cent. 

Stereoroentgenograms of the skull showed an area of bone rarefaction in the 
left frontoparietal region which measured 4.5 by 4 cm. (Pig. 1). Pilms taken with 
the rays tangential to this area demonstrated a thinning of both tables of the skull 
with a suggestion of radiating bony spicules. The defect had slightly irregular 
borders but was fairly sharp in definition. The surrounding bone was the seat of 
slight sclerosis. 

The clinical diagnosis was carcinoma of the thyroid with metastasis to the skull. 

A right thyroid lobectomy was performed from which the patient made an uneventful 
recovery-. 

Following operation the patient received x-ray therapy to the tumor mass in the 
skull. During the succeeding nine months the size of the growth increased to 6 by 

7 by 2 cm. It was tender at the base, firm, but not hard and was fixed to the skull 
but not to the overlying skin. Auscultation revealed no bruit and it had ceased to 
pulsate. Neurologic examination was normal and the only complaint at the time 
was that of severe headache. Roentgenograms of the skull at this time showed 
marked increase in the extent of bone destruction (Pig. 2). The defect measured 

8 by 4.5 cm. and the involved bone appeared to have been almost completely de- 
stroyed. There was involvement of the temporal region which had not been seen on 
the previous films. The bone adjacent to the area involved by the tumor showed 
a more marked sclerosis than previously. There was no evidence of increased intra- 
cranial pressure. 

At operation the tumor was found to have penetrated the skull and become 
adherent to the underlying dura. The tumor surrounding calvarium and upper 
leaf of the attached dura were removed. The patient made an uneventful recovery 
and was discharged from the hospital on the thirteenth postoperative day. 

One year later the complaint of abdominal pain led to the discovery of an 
d a ud tender liver. Subsequent examinations revealed progressive nodular 
el \ a B t i, e liver. Her course was progressively downhill; she lost weight, 

en argeni ^ ^ anemia, and became cachectic. At her last visit, three years 
devc opc * ^ t j ie metastatic lesion in the skull, there was a nodule 2 cm. in 

after remora p 0stero infcrior margin of the temporal bone defect. There were a 

diameter a ^ £r m lymph nodes in the cervical chain. The patient died 

number o J 1 ' Autopsy ,ras not obtained. 

in DecemDe , ^ , g()C 0 f the thyroid removed at operation measured 8 by 

Pathology- 16 ^ aJer portion -of the gland was composed of firm yellow- 
8 by 4 cm - " ” e j e contained a circumscribed nodule 4 cm. in diameter, 

brown tissue, the uppe an( j bone, while several small adjacent nodules 

This nodule contame ‘ norma j thyroid tissue. The capsule of the gland was 
appeared to be composed 
everywhere intact. 
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mucilaginous material which resembled colloid. (Fig. 3.) There was complete 
destruction of the involved calvarium aside from a few small fragments of bone 
within the tumor. The growth, which projected about 2 cm. into the cranial 
cavity, was firmly adherent to the outer leaf of the dura. 



Fig-. 4. 



_ „ , Drawing of the specimen removed at operation. The specimen 

Fig. 3. — Case 1. dlacen t calvarium, ami outer leaf of the dura to which the growth 
includes the tumoi, « j 

iS ^T-Case 1. t t C hm Ul :st r ra P n°d“ 0 Sf°Unnec"Kf 

^ematSyim and eosin. X250, green filter.) 

• 11 - the tumor was very cellular, being composed of cells with 

Microscopies ), vacuolated cytoplasm with indistinct cytoplasmic 

large, round, pa e ) 00S e connective tissue stroma and showed a distinct 

outlines. The cells formation. Many of the acini were dilated nnd filled with 
tendency toward acini ^ ‘ eent a? well in the reticular stroma of the tumor, 

colloid. T lie l» tter c0 of invasion of either the periosteum or dura, 

There was no histologic cvitie 
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although, tumor thrombi could be observed in many of the smaller vessels- Only an 
occasional mitotic figure was observed. The pathologic diagnosis was metastatic 
carcinoma of the thyroid in the calvarium. (Fig. 4.) 

The clinical diagnosis in this case was fairly obvious since both 
primary and metastatic lesions were demonstrable. A two-year interval 
between the first and subsequent metastases and a three-and-one-half- 
year survival following the appearance of the first metastatic lesion 
suggests that the tumor was not highly malignant. It is significant that 
symptoms of cerebral compression were absent despite the rapid growth 
of the metastatic lesion and the large size it had attained at the time 
of removal. Although the growth had become adherent to the dura, the 
latter proved to be rather resistant to invasion by the tumor. 



Fig. 5. — Case 2. Photograph of the tumor which presented over the left parietal and 
occipital region but involved the rig-ht side as well. 

Case 2. — A 50-year-old white woman was first seen in September, 1934, with the 
complaint of a swelling on the back of the head of eight years 1 duration. About 
e ight years previously she had been struck over the left parietal region with a 
heavy brass curtain rod. She was not unconscious and had no subsequent symp- 
toms other than a slight “dent** and slight tenderness in this region. During 
the following year there slowly developed a small tumor about 1 to 2 cm. in 
diameter at the site of the trauma. Although the tumor had slowly increased 
in size during the first three years, in the following threo years it had doubled 
ia size. In June, 1934, the patient suffered several episodes of hematuria asso- 
ciated with pain which began in the left costovertebral angle and radiated 
anteriorly. 

At the age of 14 years the patient had a goiter. This reappeared with each of 
her subsequent four pregnancies but had also subsided during the pucrperium. 
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However, following tlie Inst pregnancy the enlargement persisted and was re- 
moved by a right thyroid lobectomy in 1021. 

Examination revealed a large, pulsating, soft tumor over the posterior parietal 
and occipital region. This involved the entire left side but extended beyond the 
midline to include the right as well (Fig. 5). The pulsations were synchronous 
with the radial pulse and a soft bruit could be heard. The tumor was firmly at- 
tached to the underlying calvarium but did not appear to involve the scalp. 
There was visible distention of the superficial temporal and angular veins on 
both sides of the head. Neurologic examination gave normal results. 

Roentgenograms of the skull at various stages in the development of the 
tumor were available. Films taken in June, 1929, about three years after the 
local injury, disclosed a destructive lesion in the left parietooccipital region which 
measured about 5.5 by 3 cm. (Fig. 6). The defect was irregular in outline hut 
moderately well demarcated. Anteroposterior views of this region disclosed the 
lesion to consist of marked rarefaction of both tables of the calvarium with 
almost complete destruction of the bone in some areas. The region involved 
by the growth as well as the rest of the skull showed accentuation of the vascular 
markings. 

Films taken in August, 1934, showed marked extension of the lesion to form 
a defect without evidence of osseous structure which involved the entire left 
occipitoparietal region and extended beyond the midline to the right (Fig. 7). At 
this time it measured 8 by 10 cm. in its two greatest diameters. The contour 
of the defect was rather irregular, but the adjacent bone showed no unusual 
characteristics. In this region and throughout the skull the vascular markings 
■were very prominent. There was no demonstrable intracranial calcification and 
no evidence of increased intracranial pressure. 

The impression was a metastatic malignant tumor of the skull, although tho 
possibility that the growth might be either a meningioma or a vascular tumor of 
the skull was also considered. The patient entered the hospital in March, 1935, 
for further study. At this time the growth measured about 12 by 10 cm. 

Further investigation of the previous thyroidectomy disclosed that the tissue 
removed at that time was regarded microscopically as a fetal adenoma. Repeat 
films of the skull on admission disclosed but little enlargement of the destructive 
process as compared with the size of the lesion in August, 1934. The borders of 
the defect were quite irregular and showed moderate sclerosis. Roentgenograms of 
the pelvis revealed a large destructive lesion in the right iliac wing with involvement 
of the inferior segments of the coccyx and entire sacrum. The clinical diagnosis 
was carcinoma of the thyroid with metastasis to the skull, pelvis, coccyx, and 


kidneys. 

It was decided to remove the growth from the skull. At operation the tumor 
ved to be exceedingly vascular and after reflecting the scalp and encircling the 
* >r0 ' d'acent to the tumor the remainder of the procedure was postponed for 
bone a ^ t | le gec0 nd operation the tumor was found to have a wide attach- 

nnot ier sessi dura During the process of elevating the bone flap, this 

ment o ^ !jro p en 'across and the ensuing hemorrhage could not be controlled. In 
I,edlCl ®f" a S tran sfusion of 2,000 c.c. of blood the patient expired. 

s P ltc ‘ T j ]e tumor with several small pieces of calvarium removed at opera- 

Patho a f t er fixation in 10 per cent formalin. The growth itself 

tion weighe 0 d ], a( j a fleshy consistent- with the gross eharac- 

measured 12.5 by ^ rim of calvarium about the funior nhotml 

obvious invasio . ^ portion of the right lobe of the thyroid was present. 

At autopsy, onl) & s " fo ] or an ,] t nlthnugli it was elo.-ely adherent to the 

This was uniformly 1 ” 
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trachea, there was no gross evidence of invasion. The left lobe of the gland ap- 
peared normal. The positive autopsy findings were limited to the brain, pelvis, and 
kidneys. At the site of the operative wound there was a pedunculated mass of 
tumor tissue adherent to the dura. This measured 5 cm. in diameter and had a 
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Hou o\ er, following the last pregnancy the enlargement persisted and was re- 
moved by a right thyroid lobectomy in 1921. 

Examination revealed a large, pulsating, soft tumor over the posterior parietal 
and occipital region. This involved the entire left side but extended beyond the 
midline to include the right as well (Tig. 5). The pulsations were synchronous 
with the radial pulse and a soft bruit could be heard. The tumor was firmly at- 
tached to the underlying calvarium but did not appear to involve the scalp. 
There was visible distention of the superficial temporal and angular veins on 
both sides of the head. Neurologic examination gave normal results. 

Roentgenograms of the skull at various stages in the development of the 
tumor were available. Films taken in June, 1929, about three years after the 
local injury, disclosed a destructive lesion in the left parietooccipital region which 
measured about 5.5 by 3 cm. (Fig. 6). The defect w r as irregular in outline but 
moderately well demarcated. Anteroposterior views of this region disclosed the 
lesion to consist of marked rarefaction of both tables of the calvarium with 
almost complete destruction of the bone in some areas. The region involved 
by the growth as well as the rest of the skull showed accentuation of the vascular 
markings. 

Films taken in August, 1931, showed marked extension of the lesion to form 
a defect without evidence of osseous structure which involved the entire left 
occipitoparietal region and extended beyond the midline to the right (Fig. 7). At 
this time it measured 8 by 10 cm. in its two greatest diameters. The contour 
of the defect was rather irregular, but the adjacent bone showed no unusual 
characteristics. In this region and throughout the skull the vascular markings 
were very prominent. There was no demonstrable intracranial calcification and 
no evidence of increased intracranial pressure. 

The impression was a metastatic malignant tumor of the skull, although the 
possibility that the growth might be either a meningioma or a vascular tumor of 
the skull was also considered. The patient entered the hospital in March, 1935, 
for further study. At this time the growth measured about 12 by 10 cm. 

Further investigation of the previous thyroidectomy disclosed that the tissue 
removed at that time was regarded microscopically as a fetal adenoma. Repeat 
films of the skull on admission disclosed but little enlargement of the destructive 
process as compared with the size of the lesion in August, 1934. The borders of 
the defect were quite irregular and showed moderate sclerosis. Roentgenograms of 
the pelvis revealed a large destructive lesion in the right iliac wing with involvement 
of the inferior segments of the coccyx and entire sacrum. The clinical diagnosis 
was carcinoma of the thyroid with metastasis to the skull, pelvis, coccyx, and 


kidneys. 
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• d to be exceedingly vascular and after reflecting the seal]) and encircling the 
" , . j. ( 0 tge tumor the remainder of the procedure was postponed for 

bone a ^ sec ond operation the tumor was found to have a wide nttneh- 

aI10 f'To^he underlying dura. During the process of elevating the bone flap, this 
mel1 - ° 1 oken across and the ensuing hemorrhage could not be controlled. In 

ped t ICl !f"a transfusion of 2,000 c.c. of blood the patient expired. 
s P lte 0 ‘ ‘ „! 1C ( UD10 r with several small pieces of calvarium removed at opera- 

Pathology. ^ af(er fixation in 10 per rent formalin. The growth itself 
tion weighec o ^ G - cnL and had a fleshy consistency with the gross elmrac- 
measured 1--5 1 ^ tissue. The riin of calvarium about the tumor showed 

teristics of n °™ : ‘ ^ neopl astic tissue. 

obvious invasion . portion of the right lo!>o of the thyroid wns present. 

At autopsy, on b a ‘ . , . ro i or and, although it was closely adherent to the 

This was uniformly bght pmh 



TURNER AND GERMAN : CARCINOMA OP THYROID 


413 


DISCUSSION 

Grossly and roentgenologieally the lesions in both eases presented 
many similar characteristics. Both lesions were destructive from the 
onset and gave rise to minimal peripheral bone reaction in the later 
stages of the process. This bone reaction was more pronounced in the 
second case where the destructive lesion had progressed to a more ad- 
vanced stage. Both lesions were highly vascular as evidenced in the 
roentgenograms by the accentuated vascular markings about the lesion 
as well as throughout the remainder of the skull. This increased 
vascularity was largely venous, being due for the most part to the 
greatly enlarged sinuses. The enlargement of the angular and super- 
ficial temporal vessels and the necessity of a two-stage procedure in the 
second ease demonstrates the associated vascularity of the overlying 
soft tissues. 

Although there are several types of primary growths which produce 
destruction of the calvarium, only a few need be considered here. 
Meningiomas in some instances may eause local erosion of bone and 
proliferation of the adjacent bony structures, but the destruction of 
osseous tissue is rarely very great. The defect in the skull is usually 
quite irregular and associated with local increase in vascularity. Barely 
perforation of the skull may give rise to large soft tissue tumors. An 
unusual case of this type was described recently by Davidoff. 2 ’ 

The hemangiomas of bone have been studied by Bucy and Capp. 2a 
A high percentage of these tumors involve either the vertebrae or the 
skull. The tumor may be present as a bony, hard, elevated area or there 
may be a central portion which is soft and pulsating. The characteristic 
x-ray appearance is the presence of large “sunburst” trabeculations 
and spicules radiating out from the plane of the bone. The cortex 
of the bone is frequently destroyed, but the periosteum remains un- 
broken, though it may be greatly expanded. 

Osteogenic sarcomas are not common lesions in the skull and are 
characterized by destruction of bone, invasion of periosteum and soft 
tissues and often by the presence of radiating spicules of bone. These 
tumors are rapidly growing and even in the early stages there is definite 
loss of bone by x-ray. According to Dyke , 26 primary sarcoma of the 
skull closely simulates the bone reaction produced by meningiomas 
but shows more bone destruction and less vascularity. 

The writers are indebted to Dr. A. W. Oughterson for permission to use his records, 
to Dr. Hugh Wilson for the roentgenograms, and to Dr. Harry Zimmerman for the use 
of the pathologic material. 
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gloss appeaiance identical with that of the tumor described above. The calvarium 
at the operative site measured 1 cm. in thickness. Although there was no intradural 
extension of the tumor, there was marked compression of the left occipital lobe of 
the brain with definite cerebellar herniation. 

Both kidneys were the site of multiple tumor nodules, the largest of which 
measured 5 cm. in diameter. These nodules were fairly firm, had a light pink 
color and a smooth, collagenous-appearing cut surface. Tumor tissue of the same 
character was present in the bones of the pelvis and a niass about 4 cm. in diameter 
involved the coccyx. 

Microscopically the tumor removed from the calvarium varied little from that of 
normal thyroid tissue. It was composed of acini which showed moderate variation 
in size and type of epithelial lining. The larger acini were lined by flattened 
epithelium and contained an abundance of grayish pink staining colloid. Some of 
the smaller acini had no content and were lined by high cuboidal or columnar 
epithelium. There was no interacinar colloid, no lymphocytic infiltration, and no- 
where did the epithelium present more than a single layer of cells. No mitotic 
figures were observed. There was invasion of the adjacent calvarium and dura. Oc- 
casional foci of new bone formation were present. 

The microscopic appearance of the small nodule of thyroid tissue remaining from 
the previous lobectomy was essentially as above. Mitotic figures were not observed 
and there was no invasion of the trachea. 

The tumor in the kidneys closely resembled thyroid tissue of the fetal type. The 
majority of the acini were small and contained no colloid although some had a 
moderate amount of colloid and appeared not unlike normal thyroid tissue. There 
were no mitotic figures and no epithelial infoldings. There was some tendency 
toward a radial arrangement of acini about blood vessels which were numerous 
and large. The growths were fairly well circumscribed and compressed the adjacent 
renal tissue. 

Microscopically, the tumor in the coccyx showed invasion of the spongy bono 
and complete filling of the marrow spaces. In many places the tissue was com- 
parable to that in the kidneys, but in other places there was more obvious evidence 
of malignancy. In these latter areas there was little tendency toward the forma- 
tion of acini and colloid material was seen lying loose in the intercellular tissues. 
The cells appeared less differentiated and of the more rapidly growing type. The 
final diagnosis was carcinoma of the thj-roid with metastases to the kidneys, bones 
of the skull, pelvis, and coccyx. 


The five-year interval between the thyroidectomy and the first indica- 
tion of a metastatic lesion serve to emphasize the insidious character 
of malignant disease of the thyroid gland. Despite the fact that at 
autopsy the left lobe of the thyroid and the remaining remnant of (lie 
'rmht lobe showed little histologic evidence of malignancy, the several 
metastatic lesions showed considerable variation in microscopic pictures. 
Thus the tumor tissue invading the pelvis and coccyx had all the cliar- 
teristics of carcinoma while that in the calvarium resembled normal 
’d Metastatic lesions from a malignant thyroid, particularly 
th.yroi • “malignant adenoma,” may show either more or 
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URINARY STONES 

A Study op Their Etiology in Small Children in Syria 

Roswell K. Brown, B.Sc., M.D., and Enid Crump Brown, A.B., M.D. 

Buffalo, N. Y. 

C ALCULOUS DISEASE is now understood to be a symptom rather 
than a disease entity. Some factors in the causation of stones 
are known, but there are still many cases in which the etiology is ob- 
scure. Confusion arises from the grouping together of cases which 
really belong in separate classes. One group of cases should be of 
special interest because of the absence of common known factors; 
viz., young children with bladder stones, with no obstruction, no 
foreign body, and no known infection. This condition is not uncom- 
mon in the southern countries of Asia. 2, 9 ' I4 ’ 20 It was common in chil- 
dren in Europe during the early part of the last century. It seems 
that there has been some change in the mode of life which has reduced 
the incidence. 7 * 9 Perhaps this change is now taking place in the 
Orient. Does not this situation present ideal conditions for the study 
of the human stone problem in its simplest form? The relatively 
short life histories of these patients should reduce the possibilities of 
error with respect to etiological factors. 

This paper will summarize an investigation at the American Pres- 
byterian Hospital, Tripoli, Republic of Lebanon, Syria, during the 
years 1931 to 1934. 

Age . — The occurrence of solitary bladder stones during the first few 
years of life seems to indicate that these cases represent a disease which 
begins in infancy or very early childhood (Table I). Children come to 
operation for bladder stones many months or years after the onset of 
symptoms. At the time of operation the patient has probably long since 
recovered from the condition which caused the stone. Recurrences are 
rare. 

Sex . — All the literature points to the relative infrequency of bladder 
calculi in girls. The series of 41 eases in Syria consisted of 39 boys and 
2 girls. The obvious explanation is that the female urethra is larger 
and more patulous and passes stones more easily. It seems probable 
that many are passed silently in both sexes. 10 Stone formation may be 
equal in the two sexes, but the patients that come for treatment are 
nearly all male. 

Climate . — The aridity of the climate offers a plausible explanation; 
perspiration is profuse and thirst may be unduly prolonged. It has 
been suggested that the present geographical distribution of bladder 
ca ^ cu b m children corresponds roughly to those areas where the camel 
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family history of stone can sometimes be elicited, but it should be re- 
membered that in these old countries the family environment is usually 
unchanged from generation to generation. 

Cases have been reported of stones in small children associated with 
congenital obstruction of the bladder outlet, with congenital atony , and 
with diverticula. Our cases do not fall into this category ; simple re- 
moval of the stone effected cure. 

The cystine diathesis 4 is certainly an hereditary condition, but none 
of our eases had cystine calculi. Some writers have assumed that a so- 
called uric acid diathesis is responsible in some cases, but we do not 
know of any definite proof . 18 

Heredit} r does not seem to be an important factor in the etiology of 
bladder stones in children, except in eases of congenital anomaly and 
in the cystine diathesis. 

Endocrinopathy . — The stones of hyperparathyroidism are composed 
of calcium phosphate . 1 In our experience most bladder stones from 
children are composed of uric acid (Table III). 

Infection . — The relative absence of pyuria is a striking feature of the . 
condition we are studying. Immediate closure of the bladder wound 
after removal of the stone has been reported by many surgeons in various 
countries . 2 ' 12 ' 15 - 18 > 20 This would not be advisable in the presence of 
infection. However, it is possible that infection may play an important 
role in the causation of stone without there being infected urine at the 
time of operation. 

Bilharzia is not found in the areas studied. 

Rosenow and Meisser reported the production of urinary calculi by 
placing streptococci from lithiasis patients in devitalized teeth of dogs . 17 
Many of our cases had carious teeth, but our records are not complete 
enough to compare the incidence with that of the general population. 

The various urea-splitting bacteria 0 were not considered seriously as 
possible causes, because most of the stones analyzed had uric acid centers 
(Table III). 

Five of thirteen cases had definite histories of respiratory infections ; 
in one the onset of bladder symptoms was with an acute common cold, 
complicated by diarrhea. Three other cases had diarrhea, which may 
have been secondary to the stone. Many physicians in Syria are of the 
opinion that calculi are the result of urinary tract infections with bac- 
teria of the colon bacillus group. Bacillary dysentery is indeed a 
prevalent disease and dvsuria is a common symptom during the acute 
phase of dysentery. Large clumps of pus and shreds of fibrin may be 
found in the urine of infants suffering with bacillary dysentery. How- 
ever, there is no correlation of observations. We were unable to obtain 
a history of dysentery in most of our cases. 
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Table I* 


Ages of 41 Children Operated Upon for Bladder Stone in Syria 


AGE 

NO. OF CASES 

i 

4 


2 

5 

Three-fourths of cases during 

3 

5 

the first seven years of life 

4 

6 

5 

5 


0 

5 


7 

0 


8 

3 


9 

3 


10 

J 


11 

1 


12 

1 


13 

1 


14 

1 


Total 

41 


•This table includes our cases 

and those 

of Ellis Herndon Hudson, formerly of 

Heir ez Zore, Syria; Waheeb Mini, 

of Tripoli, 

Syria; and Ernest Wyder. of Nazareth, 

Palestine. 

is used as a beast of burden. 

In our 

eases the onset of symptoms was 

more often in the dry hot months of 

spring and summer (Table II). 


Table II 


Season of Onset of Stone Symptoms in 14 Children in Syria 


MONTH 

NO. OP CASES 


January 

i 


February 

0 


March 

i 


April 

2 

Two-thirds of cases during 

May 

o 

four bright hot months 

June 

o 

of spring and summer 

July 

3 


August 

1 


September 

0 


October 

1 


November 

1 


December 

0 



However, study of individual cases did not indicate that, stone formation 
was the result of dehydration. Furthermore, this theory does not fully 
explain why stones were more frequent in Europe a century ago. 

The distribution of our cases corresponds roughly to the area from 
diich all of our hospital patients came; in other words, along tiie Mcdi- 
" * coast, in the Lebanon Mountain villages, ill the inland cities 

tmt the Orontcs River, on the agricultural plateaus, and in the desert. 
There ^nothing to indicate that any part of Syria is exempt. 

. ___The various race groups of this part ot Syria are all 
JIcic i !/■ our sma ll series. There were no Europeans or Americans 
represente m ° u nrc a very small part of the population. A 

with lithiasis, but tn - 
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nents. ' ,Kn * «» diet of „ " made « * 1“ «*e «• 

swi0 " s - 


■/• ■ W 
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Table III 


Chemical Analyses of Stones Pictured in Figs. 1 and 2* 


DESIGNATION NUCLEUS 

SHELL 

A 1 

Uric acid-Ca and Mg phosphate 

Ui'ic acid-Ca carbonate 

2 

Uric acid 


n 

O 

fibrin-Ca and Mg phosphate 


4 

Uric acid 

Uric acid-Ca carbonate 

5 

Uric acid 

Uric acid 

c 

Uric acid 

Uric acid 

B 1 

Uric acid 

Uric acid 

2 

Ca carbonate 

Uric acid-Ca carbonate 

3 

Uric acid 

Uric acid-Ca and Mg phosphate 

4 

Uric acid 

Uric acid-Fibrin 

5 

Uric acid 

Uric acid 

6 

Uric acid 

Uric acid 

C 1 

Uric acid 

Uric acid 

2 

Ca and Mg phosphate 


O 

Trace uric acid 


5 

Ca and Mg phosphate 


a 

Uric acid-Ca and Mg phosphate 


D 1 

Ca and Mg phosphate 


2 

Ca and Mg phosphate 


3 

Ca and Mg phosphate 


4 

Uric acid 


5 

Uric acid 


C 

Uric acid 



•Qualitative methods of analysis were used, following the "schema of Heller."* 


Leucocytosis increases the amount of uric acid excretion. Uric acid 
stones are frequent in eases of chronic myelogenous leucemia. 21 Is if 
possible that the leucocytosis of respiratory infections is a contributing 
factor in the production of uric acid calculi 1 

Diet . — Most of the substances that make up flic bulk of urinary calculi 
are influenced by diet. 

In Syria this disease is not confined to the poor, for we know of several 
eases in families that, according to local standards, were considered rich. 

It is still a common belief that hardness of drinking water predisposes 
to stone formation; but stones are quite rare in some districts where the 
water is very hard and occur where rain water is used for drinking. 
There seems to be no good reason to implicate the minerals in drinking 
water and not the plant minerals that arc ingested. The fact that the 
centers of many of these stones are composed of uric acid indicates that 
the minerals ingested have no direct influence. 

T* ' acid excretion in the urine ordinarily depends to a large extent 
U V nueleoproteins of the diet. Syrian peasants may have no meat 
( 1P eat for long periods of time, and when they do have meat the whole 

famil} usu . found in any of the stones analyzed. It is possible 

Oxalates vd , . | H1 | not in sufficient quantities to cause cf- 

tliat oxalates were pi«*«® , 
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tion of the urinary epithelium after ten weeks of vitamin A privation, 
at the same period during which urinary infections and stones occur." 
In other words, the mucosa is changed to skin or becomes skinlike. 

The crusts which sometimes form on the skin about urinary fistulas, 
and preputial calculi are interesting in this connection. The question 
naturally arises as to whether these accretions are due to the skin sur- 
face tension alone or to the bacterial flora of the skin. 

We attempted to develop a technique for the study of the morphology 
of the nuclei of these solitary bladder stones, searching especially for 
keratinized epithelium. Scrapings from the hand were mixed with pure 
uric acid; smears were made and studied with various stains, none of 
which proved satisfactory. Never could any epithelial elements be 
identified in the smears that were known to contain epithelium. Re- 
peated smears from the nuclei of the stones showed nothing, except 
upon one occasion when three of twelve smears from different stone 
centers, stained at the same time with Gram’s stain and decolorized 
with analine (two parts) and xylol (one part), showed elements which 
resembled epithelial cells. These may have been artefacts, but it is 
rather striking that they all appeared in the same staining hatch. The 
photomicrographs were not retouched. (Pigs. 3, 4, and 5). 

Evaluation of a dietary with respect to vitamin A is difficult, and 
the conclusions may be considered conjectural. 8 Nevertheless, a study 
of the foods available in a typical Syrian market during a period of 
one year seemed to show that the diet was lacking in vitamin A content 
except for the green vegetables and fruits, and these were available 
during only part of the year. 

Dairy products, which are ordinarily rich sources of vitamin A, 
are scarce and probably have a very low vitamin A content in Syria. 
The cows live on dry fodder for a considerable part of the year. Milk 
and cream are white, not yellow. All the milk is boiled immediately 
after milking and again before use. Butter is not used as such, but it 
is heated to high temperature to “clear” it, very much as lard is 
rendered. It seems probable that the milk has a small vitamin A con- 
tent due to the poor diet of the cows and goats and that this small 
amount is destroyed by boiling the milk and by rendering the butter 
at high temperatures. By the use of the chemical color test for vitamin 
A, none could he detected in ordinary samples of native butter. Add- 
ing commercial vitamin A concentrate to boiling butter makes the 
color test become strongly positive, but it becomes negative again with 
a few minutes’ boiling. 

The seasons during which the fresh foods are available differ in 
various parts of tbe country, but transportation of garden stuffs has 
not been developed to any great extent. The existence of some sea- 
sonal dietary insufficiency might be suggested by the voracious ap- 
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of infection. However, I he prime causative factor may not be related 
to the substance that makes up the bulk of the concretion. It should 
he remembered that most mammals excrete allantoin instead of uric 
acid; man, the anthropoid ape. and the Dalmatian coach hound are ex- 
ceptions to this rule. Uric acid stones are not found in animals . 8 ex- 
cept in experimental animals with Kck fistulas . 5 


% 



findinss of a case of keratomalacia in an infant were 
Post-mortem p uBo i s i n 1923, with keratinization of the 

reported by ^ ^ rena l pelvis . 23 Rats are said to develop keratiniza- 
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petites of the people for green foods of all kinds. Unripe grapes, 
green almonds, green apricots, raw cow peas, and lettuce are eaten in 
large quantities as soon as available. Green leaf vegetables were avail- 
aide only during the winter and spring in the market we studied. The 
common variety of carrots in Syria is white. Of all the foods which 
Mendel classes as “excellent sources” of vitamin A, eggs alone were 
found to be plentiful during the months from April to August. 

Further evidence of a lack of vitamin A might be adduced from 
the occurrence of sporadic cases and epidemics of night blindness, 3 and 
the prevalence of trachoma and corneal opacities. 

The incidence of urinary calculi in the adult population does not 
fall within the scope of this paper. In children we found no kidney 
calculi and only one ease of ureteral calculus. 2 The symptoms of blad- 
der stone are so dramatic that the diagnosis is easy. The children with 
bladder stones had been breast fed, but the Syrian mother usually also 
allows the infant to try to eat any food that is available. 


CONCLUSIONS 

1. Solitary urinary bladder stones are not uncommon in small boys 
in Syria. 

2. The condition is not due to obstruction of the bladder outlet. 

3. Neither heredity nor the aridity of the climate nor infections seem 
to be prime causative factors in this group of cases. 

4. Observations are presented which are consistent with the theory 
that the stones form about keratinized urinary epithelium caused by 
seasonal vitamin A privation. 

The authors gratefully acknowledge the help of Dr. Harry R. Boyes, Tripoli. Syria ; 
Dr. Ellis Herndon Hudson, formerly of Deir ez Zore, Syria ; the medical faculty of the 
American University at Beirut, especially Professor Stanley E. Kerr; Dr. Abdul 
Latcef Eisar. Tripoli, Syria; Dr. AVaheeb Xini, Tripoli, Syria; Dr. Herbert Torrance, 
Tiberias, Palestine ; Dr. Ernest AVyder, Nazareth, Palestine. 
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DISEASE IN THE AMERICAN NEGRO 
I. Melanoma 

W. A. D. Anderson, M.D., Memphis, Tenn. 

(From the Department of Pathology, University of Tennessee College of Medicine) 

A NUMBER of observers noted the fact that melanoma, in either 
benign or malignant form, occurs in the negro race with relative 
rarity. 1 " 5 Adequate explanation for this surprising fact has not been 
found. It is intended here to review the facts from previously reported 
eases and to report ten new cases, so that the rarity and peculiarities 
of these tumors in the negro may be emphasized. 

It is well known that certain types of neoplasms, such as fibromyomas 
of the titerus, have a greater incidence in the negro. The view seems 
to persist, however, that malignant tumors are less common in negroes. 
Adler and Cummings 6 noted the apparent rarity of malignancy in West 
African natives. Sequeira and Vint," however, do not believe malig- 
nancy is rare in African natives, and quote figures from examination 
of surgical specimens at a native hospital. They found squamous-cell 
carcinoma of the skin or mucous membranes to be the most frequent 
type of malignancy and melanoma next. Bishop 1 noted that skin tu- 
mors appeared to be less common in the negro, but did not think that 
there exists any racial immunity to cancer in general. It would seem 
that in any discussion of racial tendencies to neoplastic growth, par- 
ticular types of tumors must be compared. Pew studies of this nature 
have been made on the American negro. Extensive investigation of 
this nature, compared with similar studies from Africa, might reveal 
additional information about the etiology and nature of cancer. 

Matas 8 in 189G, having noted the relative infrequency of melanomas 
in negroes, suggested that in highly pigmented people the physiologic 
function of pigment formation was under better biologic control, and 
so less liable to uncontrolled growth. Morestin 0 reported a melanoma 
on the foot of a negro. Weiting and Hamdi, 10 in a study of 10,000 
deeply pigmented oriental people and negroes in Constantinople, found 
only 6 melanomas, 2 of which were from the sole of the foot and from 
the eye. None of the 6 patients were deeply pigmented. Among 7 
eases of malignant melanomas reported by Hazen, 11 1 was in a negro 
and started on the bottom of the foot. Sutton and Mallia, 1 - reviewing 
this subject in 1923, found i-eports of only 6 cases of malignant mela- 
noma in the negro, and reported an additional case arising in the toe. 
Adler and Cummings, 6 in their study of malignancy in West African 
natives, mentioned 1 case of melanoma which arose from the foot. In 
1927 Bauer 5 reviewed the 14 cases which had been reported up to that 
time an d reported 2 cases, 1 arising from a toe and 1 from a thumb. 
"Received for publication, May 3, 1040 . 
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Twelve malignant melanomas were observed from white patients dur- 
ing the same period, though the proportion of white patients seen at 
this institution is only 22 per cent. These figures suggest that malig- 
nant melanoma is about four times as frequent (4.2 :1) in the white race 
as in the negro. 



Fir. I. — Case l. Malignant melanoma of the right hip, as seen on the outer surface, 
bisected showing the cut surface, and in microscopic section. The abundant melanin 
pigment is evident. 

Case 1. — A negro woman, aged 20 years, had a small growth on the right hip, 
present since birth. Two months before admission to the hospital she bruised 
the tumor and subsequently scratched it. Since that time increase in size had 
been noted, so that it formed a firm, elevated lobulated dark tumor mass, 4.5 cm. 
in diameter. The adjacent regional lymph nodes were enlarged, firm, and on sec- 
tion showed dark pigmented areas. The tumor was a papillary type of growth, 
the neoplastic cells in the siihepithelial portion being thin or spindle shaped, but 
becoming more rounded in deeper portions. In the regional nodes solid dense 
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DicK.son and •Jannaii'-' reported a case of subungual melanoma. Bishop 1 
deported 0 cases. Butterworth and Klaudcr" reported 1 case. Hewer 15 
presented figures irom the autopsy and surgical pathology laboratories 
ol Johns .Hopkins Hospital to indicate the rarity of melanoma in the 
negro and concluded that melanomas were more than three times as 
common in white people as in negroes. 

Affleck," in a series of 215 benign melanomas, reported only 1 in a 
negro. Among 317 malignant melanomas, only 2 were in negroes. 
Individual cases of malignant melanomas in negroes have been re- 
ported recently by I Toroid, 10 Moragues, 17 and Baxter. 0 Pack and Adair 4 
in 1939 stated that only 34 eases of melanoma in negroes, excluding 
African natives, have been reported. Among their series of 477 mela- 
nomas, 7 were in negroes. The real rarity of melanomas in American 
negroes is thus attested by the fact that less than 50 cases have been 
reported. It is probable, however, that the real incidence is greater 
than this figure would suggest. 

According to a review by Baxter, 3 224 eases of malignant melanoma 
have been reported in colored races. The exact number reported from 
African negro races of the same origin as the American negro and the 
comparative incidence, is difficult to determine. Several reports indi- 
cate that in African natives melanoma may be more common. Des 
Ligneris is noted 17 cases among native patients in Northern Transvaal, 
all except 1 occurring on the skin of the leg or foot. Sequeira and 
Vint, 7 as previously noted, found melanomas next in frequency to 
squamous-cell carcinoma among skin tumors in African natives. Hewer 15 
stated that malignant melanomas were frequent among the natives of 
Anglo-Egyptian Sudan. Baxter 3 concluded that melanotic tumors in 
the African native often remain locally malignant, less frequently 
metastasize, and have a slower course than melanoma in the American 


negro. 

Baxter’s figures respecting location ore interesting. Among 170 
cases he collected from the literature, 65.3 per cent occurred on the 
foot. A definite relationship to trauma appears to be borne out, though 
it must not be overlooked that the relatively light pigmentation of this 
region may have some bearing on this frequency of location. 

With the exception of Affleck’s 5 report, there is a striking absence 
• the literature of studies on the comparative incidence of benign 
1U <rniented nevi in the white and colored races. Such a study should 
f 1 ” - • r instructive, although most of the malignant melanomas re- 
] orted^n the negro have not arisen from previously noted benign 

growths. report op cases 


Ten 

among 

phis. 


of malignant melanoma from negro patients were found 

Ta nnn surgical specimens at the John Easton Hospital in Mem- 

14,UU “ p observed at autopsy during a five-year period. 

No cases were w 
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pigmented nodules on the foot and left hip. Small nodules could be felt in the 
left inguinal region. 

Microscopic study of the primary tumor of the foot showed marked variation 
in size, shape, and staining qualities of the tumor cells. The cells were predomi- 
nantly polygonal in shape. Brownish black intracellular pigment was abundant. 



Fisr. 3. — Case 8. Sectioned surface of eye. showing the highly pigmented tumor within 
the chambers of the eye and on the outer surface. 



Els. 4. — Case 9. The left ring finger, showing the large fungating tumor mass involving 

the end of the finger. 

Case 6. — A negro male, 40 years of age, injured his left foot from a tack in his 
siioc. A small abscess formed in this area, which discharged purulent material. 
This remained tender and never completely healed. Nine months later a tendeT, 
deeply pigmented area was noted just medial to the point of injury. About the 
same time a swelling was noted in the left inguinal region. The pigmented region 
of the foot became slightly elevated and was removed. Pigmented material was 
prominent in the subepithelial tissue, and irregularly infiltrating downward. The 
inguinal mass was composed of soft, black tissue. Microscopically, the cells were 
polyhedral and spindle-shaped, showing considerable variation in morphologic char- 
acteristics and numerous mitotic nuclei. Pigment was abundant. 
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rnasHos were formed by rounded or ovnl cells with little tendency to be spindle- 
pimped. Melanin was quite nbumhint in the tumor nnd mctnstascs. (Fig. J.) 

Cask 2 , A negro man, aged 55 years, injured his left great toe while working 
in n lumber yard. The nail was split nnd he removed it himself, but complete 
healing never occurred. Four years later the toe was noted to be markedly en- 
larged, and soon nodules developed on the leg and in the left groin. 

Biopsy from the toe showed masses of large pale tumor cells in the subepithelial 
tissue. Melanin was very abundant. Most of the cells wore round or oval, except in 
focal areas occupied by spindle-shaped cells, with a tendency to pattern formation. 



jj.jp 2 . Case 4. The primary pigmented ulcerated tumor in the popliteal region and 

b ' ‘ the metastatic tumor mass in the inguinal region. 


Case 3. A negro female, aged 37 years, developed a painless swelling of the 

left foot, which grew to form a mass 3 cm. in diameter. Metastasis later de- 
veloped in the leg. Amputation was performed, but death occurred from inter- 
current infection. At the time of amputation the tumor was seen as an ulcer 
measuring 5-5 cm. situated on the dorsum of the foot. The base of this ulcer was 
black in color, and the edges were elevated and indurated. Microscopically, most 
of the cells appeared to be elongated or spindle-shaped forms. Pigment was quite 

abundant. 


P ' 4 —A negro male, aged 73 years, noted a painful nodule on the leg which 
° d in size and became ulcerated. Nine months later a nodule was present 
increase i ^ ^ region w uich progressed to ulceration, the tumor appearing as a 

in the le 'yack tissue. Microscopically, melanin pigment appeared to be very 
dark grayisi ^ ^ tumor cells had an oval or polyhedral shape, and were ar- 
almndant 1 ° S i;a shee ts. Mitoses were numerous. (Pig. 2.) 
ranged in cords or souq 

female aged 25 j’ears, had noticed a small thickening of the 
CASE 5 .— a negr { ° t , ie Jef t foot for eight years. This grew steadily larger and 
skin on the sole 0 . similar nodule appeared on the instep and other 

became elevated and tender. - 
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Six months later, following a minor injury to the same finger, a small tumor was 
noted on the posterior surface of the distal phalanx. This increased in size to 
form a rounded fungating tumor mass, 6 cni. in diameter. Microscopically, there 
was hut little melanin pigment evident. Mitoses were numerous. The cells varied 
from oval to spindle shape and were highly anaplastic. (Fig. 4.) 

Case 10. — A negro male, aged 46 years, developed a small black nodular tumor 
growing out from under the edge of the nail of the left thumb. There was no 
history of trauma. The thumb was amputated. One year later a small mass was 
noted in the left axilla. This gradually and painlessly increased in size, forming 
a very large, lobulated dark brown tumor. The tumor was highly cellular and 
vascular, with abundant pigment. The cells were polymorphous, being round, poly- 
hedral, and spindle-shaped. (Fig. 5.) 

Comment . — In this small series of 10 cases the findings emphasized 
from previously reported cases have been corroborated. In 5 eases the 
melanoma arose from the foot and in 6 cases there was a definite his- 
tory of antecedent trauma. An unusually large proportion, 30 per cent, 
appeared to have a subungual origin. Seventy per cent were derived 
from regions of the skin which normally contain relatively little pig- 
ment. In only 1 case was there a definite history of a previous benign 
growth at the same site. There seemed to be little significant age or 
sex difference in this series, though the 4 females varied from 25 to 50 
years of age, and the 6 males from 40 to 73 years. 

Microscopically, nothing distinctive could be found in this series of 
malignant melanomas. They appeared quite comparable to the malig- 
nant melanomas found in white patients. The tumors varied markedly 
in the amount of pigment they contained. The morphology of the tu- 
mor cells was likewise variable. 

Thus, while there seems to lie a definite difference in the incidence of 
malignant melanoma in the white and negro races, no qualitative dif- 
ference in the tumors has been noted. A definite relationship to trau- 
matic injury is frequent with malignant melanomas in the white race 
also, though this factor seems unusually prominent in the negro. The 
incidence of benign pigmented tumors in the negro race does not seem 
to have been investigated seriously. It is evident, of course, that be- 
nign pigmented tumors are apt to be overlooked in heavily pigmented 
skins unless attention is drawn to them by traumatic injury or malig- 
nant change. Consequently the impression obtained from published 
reports that malignant melanoma in the negro rarely arises from a 
pre-existing benign growth may be quite misleading. The racial dif- 
ference in the occurrence of a neurectodermal tumor, the melanoma, 
suggests the possibility that investigations of racial incidence of other 
types of tumors arising from structures of the peripheral or central 
nervous system may reveal significant facts. 

SUMMARY 

1. Ten cases of malignant melanoma arising in American negroes are 
reported. These occurred in a series of 14,000 surgical specimens, ap- 
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(/Asi, 7. A negro woman, aged HO years, noticed n snniij elevation of the skin 
between the third and fourth toes of the left foot. Four months lsiter, following 
considerable discomfort from an ill-fitting shoo, (lie tumor enlarged, became pain- 
ful and finally ulcerated. 

'1 he tumor appeared as a soft, fungating, and ulcerated mass separating the 
toes. Operative removal of the third and fourth toes, including the tumor mass, 
was performed. The tumor appeared to have arisen at the junction between 
dorsitl and plantar surfaces. 

Microscopically, the tumor cells varied a great deal in shape and size, but were 
predominantly of spindle form. Mitoses were numerous, and pigment was abun- 
dant. The superficial portion of the tumor was infected. Enlarged inguinal lymph 
nodes showed inflammatory changes but no metastatic tumor cells. 



Case y negro male, aged 66 years, became blind in the left eye. Six months 

he noted a small round black area, about the size of a pinhead, at the 
^rocorneal junction. This gradually increased in size, so that three years later, 
sc 01 ' e ^ ca ] nid was sought, irregular brownish black masses of soft friable tis- 

s'u^were p'rotruding through the eye. 

was enucleated, and the eyeball was found to be practically filled with 
The eje t j gsue; growing beneath the retina and pushing that structure 

dark brown um tumor ce j[ s were elongated or spindle-shaped and eon- 

forward. Tie in nie j an j n pigment. The tumor cells infiltrated the sclera and in 
tained abundan through and were proliferating on the external surface 

of the eye. ( Fl £- . 

lo nired 59 years, suffered a crushing injury of left ring 

nUUe > h - . . ,1 hhhh.I 1..1 

The fingernail 


male aged ou ......... ... 6 ... ----- 

Case 9.— A neg ro ^ ‘ j, u t the wound appeared to heal satisfactorily. 


finger. 


CROSS-INFECTIONS FROM ANESTHETIC FACE MASKS 

H. Livingstone, M.D., F. Heidrick, M.D., I. Holicky, B.S., 
and G. M. Dack, M.D. 

Chicago, III. 

(From the Department of Surgery, the University of Chicago) 

INFECTION from an anesthetic face mask is a known hazard. 1 The 
1 possibility of the transmission of influenza by anesthesia apparatus has 
been suggested. 2 In the presence of active pulmonary tuberculosis with 
a positive sputum this cross-infection is a real hazard. All too fre- 
quently only a cursory washing of anesthetic masks between anesthesias 
is performed. Autoclaving of apparatus after each anesthesia may be 
practiced; however, this not only necessitates the use of sterilizing ap- 
paratus that often is carrying a capacity load of other operating room 
supplies, but also demands constant attention by the anesthetist to pre- 
vent overheating, with its resultant softening and deterioration of rub- 
ber parts. A face mask left in a 10 per cent solution of cresol overnight 
may cause a skin burn when applied with pressure for a long operation. 3 

We wish to report the results of guinea pig inoculations of saline wash- 
ings of anesthetic masks removed from patients having active pulmonary 
tuberculosis. Specimens were taken as follows: (A) after removal of 
the mask from the face; (B) after washing the mask with water, as is 
the custom in many institutions; (C) after washing the mask as in (B) 
and then immersing it for one hour in the following solution : 

Formaldehyde (3S per cent solution) 2X0 c.c. 

Aqua. 606 c.c. 

Alcohol 95 per cent q.s. a<l -1,000 c.c. 

This solution was made by one of us (G. M. D.) after bacteriologic 
investigation to determine the lowest percentage of formalin necessary 
to destroy the tubercle bacilli in less than one hour. 

The first specimen (A) was collected from the mask by swabbing it 
with a sterile swab previously moistened with saline solution. Specimens 
B and C were saline washings of the entire mask. Specimen A was 
emulsified in about 2 e.e. of sterile saline solution and injected sub- 
cutaneously in guinea pigs. Specimens B and C were individually cen- 
trifuged for one hour and the 2 c.e. of the solution in the bottom of the 
centrifuge flask were removed from each and injected subcutaneously in 
guinea pigs. These animals were necropsied at the end of eight weeks. 
(!ross evidence of tuberculosis was present at this time; the inguinal 
lymph nodes were enlarged and caseous and tubercles of the liver, spleen, 
and other organs were present. In each animal smears were made from 
this caseous material and acid-fast organisms were demonstrated. 

The results obtained from the bacteriologic examination of the anes- 
tlietic. m asks removed from patients with active pulmonary tuberculosis 

Received for publication, Mnv II. 1940. 
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proxiniafeJy 7S per cent of which wove from negroes. Twelve malig- 
nant melanomas were enconnfered from white patients in the same 
series of surgical specimens. Thus in this series the relative incidence 
of malignant melanoma in the white race was more than four times 
that in the American negro. 

2. The frequency with which malignant melanoma in the negro arises 
in the foot and follows traumatic injury is re-emphasized. 

3. No morphologic differences were noted in the malignant melano- 
mas arising in negroes as contrasted with those in the white race. 

The author Is Indebted for the illustrations in this study to Dr. J. L. Scianni, Artist, 
University of Tennessee Pathological Institute. 
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tration and to eliminate the irritating formalin fumes from the' ap- 
paratus. We have observed no deleterious effect to the patients or the 
apparatus. This procedure has been employed for seven years in a 
large series of cases in our institution. The formaldehyde-alcohol solu- 
tion xvas preserved for use on several occasions. 

SUMMARY 

Baeteriologic examinations of 39 anesthetic masks removed from pa- 
tients with active pulmonary tuberculosis revealed contamination with 
tubercle bacilli in 33.3 per cent of the cases. That these masks must he 
carefully handled to prevent spread of the disease is obvious. 

Over 15 per cent of these masks still contained active tubercle bacilli 
after the type of washing ordinarily employed and were a potential 
source for the spread of tuberculosis. 

No baeteriologic evidence of tubercle bacilli remained after immersing 
the masks for one hour in the formaldehyde-alcohol solution described in 
this communication. 
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Table I 


I 'ATI E. N'T 


K. B. 
A. ,T. 
A. .T. 
A. .T. 
2t. 23. 
A. N. 
H. S. 
W. S. 

A. M. 

J. I. 
J.I. 
H. S. 
.T. JI. 
E.Bl. 
E.Br. 


D.N. 

D. JST. 
I). N. 
V. -Y. 


SPECIMEN' 


+ 

+ 


23 


Animal 

died 

early 


PATIENT 


SPECIMEN 


. 1 . B. 

It. b. 

'.t, b. 

I.r. ir. 

E. 2NT. 

If. B. 

B.B. 

h. h. 

(control) 
A. M. 

(control) 
A. M. 

A. JI. 

,L. 

AT. 

M.B. 

M. B. 

D. JI. 

,S. 

(control) 

S. 

(control) 

H. 


A 


B 


+ 

+ 


+ 

+ 


appear in Table I. In the 39 anesthetic faee masks examined 13, or 33.3 
per cent, contained tubercle bacilli when removed from the patient’s 
face; G, or 15.4 per cent, still were contaminated with tubercle bacilli 
after being washed in water according to the technique all too frequently 
employed; whereas none contained tubercle bacilli after being washed in 
water and then soaked for one hour in the formaldehyde-alcohol solution. 

DISCUSSION 

Most, but not all, of the anesthetics administered were for thoraco- 
plasty operations. All of the patients had active pulmonary tuberculosis. 
Some of the patients had very little sputum at the time of operation, 
which may account for many of the negative specimens in Column A. It 
apparently made no difference what stage of thoracoplasty was being 
performed, as some masks showed contamination on the first stage and 
others only on later stages. The last patient (R. H.) was known to have 
a Gaffky 10 sputum. Apparently this sputum was not secured in the 
swab Specimen A. The results marked “control” indicate the placing 
of sputum from patients known to have very active pulmonary tubercu- 
losis on face masks and then making the same examinations. 

As a routine it has been found practical to remove the anesthetic 
mask breathing tubing, breathing bags, head straps, and other remov- 
al \arts of the anesthetic apparatus from the solution at hourly in fer- 
a;> e ‘ removal, all of these parts should be thoroughly washed 
' a i" and hot water until the odor of formalin cannot be detected, 
wit. l soap < order to avoid a skin burn during the next adminis- 

This is necessai) in 
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a 0.2 per cent saline suspension of trypan blue is given intravenously 
into the marginal vein of the ear. Several observations are made on a 
single rabbit. 

Macroscopic examinations are made at frequent intervals. Careful 
observations over a period of an hour are made following the injection 
of the trypan blue. The skin becomes blue when the dye localizes. The 
presence or absence of dye in the areas of hyperemia is recorded and 
also the size of the area of distribution of the dye. 

The original saline suspension of staphylococci is diluted with saline 
solution 1/10 and 1/100. Intradermal injections of these suspensions 
are made into some of the rabbits in studying the effects of a variation 
in the number of bacteria on the quantity of dye that localizes in areas 
of inflammation. The organisms are heated at 60° C. in a water bath 
for one hour, placed in the icebox for an hour, after which time they 
are reheated at the same temperature for a second hour. The heat-killed 
organisms are usually kept in the icebox overnight before they are in- 
jected. Cultures are made on blood agar plates to determine if the 
bacteria are all killed. 

A tuberculin syringe and a 27-gauge needle are used for all intra- 
dermal injections. 

EXPERIMENTAL 

Local Inflammation Produced by Staphylococci in the Skin of the 
Rabbit. — Two-tenths cubic centimeter of a saline suspension of washed 
staphylococci are injected intradermallv. Observations are made on the 
skin at the following intervals (Table I) : 


Table I 


TIME 

NO. OF RABBITS 

MACROSCOPIC OBSERVATIONS 

0 mia. 

n 

No change in shin 

15 min. 

6 

No change in skin 

30 min. 

7 

No change in skin 

00 min. 

9 

No change in skin 

V/i-3 hr. 

13 

Small amount of hyperemia 

4-25 hr. 

34 

Progressive increase in eilema, 
hyperemia, and frequently focal 



neeTosis 


A histologic study on the skin of four rabbits in which the staphylo- 
cocci am given intradermallv at intervals varying from fifteen minutes 
to twenty-four hours before the animals are killed shows a progressive 
increase locally in the number of leucocytes. Definite abscesses are pres- 
ent two hours after the bacteria are injected. Some thrombosed vessels 
are present; however, they are infrequent. 

The time in which the leucocytes first appear in the tissues where the 
killed bacteria arc injected is approximately the same as when they 
appear in the areas injected with the live organisms. 

Localization of Trypan Blue in Areas of Inflammation Produced by 
Staphylococci . — The preceding experiments show that the macroscopic 





OBSERVATIONS ON CAPILLARY PERMEABILITY IN AREAS 
OF INFLAMMATION PRODUCED BY STAPHYLOCOCCI* 

R. H. Rionox, M.D., Memphis, Tenh. 

(J'rom the Jlrpartmcnt of Pathology, University of Tennessee , College of Medicine) 

TI HAS boon shown recently that Irypan blue following an intravenous 
injection in the rabbit localizes and concentrates in areas of inflamma- 
tion produced by the local application of xylol only when the dye is 
given within a period of three hours following the application of the 
irritant. The skin remains hyperemic and edematous, however, for 
several days following the application of xylol. 1 * 2 
Mcnkin in studying inflammation injected 0.1 c.c. of a saline suspen- 
sion of Staphylococcus aureus into the dermis of the abdomen of rabbits 
and a few hours later gave the animals an intravenous injection of 
trypan blue. He observed that “within a relatively short time the tissues 
in the site of inflammation appeared markedly stained. In many cases 
these areas showed a pale reddish central zone surrounded by an in- 
tensely dark blue band measuring about 0.5 cm. in width. The localiza- 
tion of intravenously injected trypan blue in inflamed areas of the 
dermis was evident in thirty-two out of thirty-six experiments. The 
central zone which has a red congested appearance and which is often 
seen in these intracutaneous areas of inflammation is perhaps due to 
thrombosis of small vessels. Histological sections of such areas reveal 
some thrombosed vessels with acute inflammatory changes in the sur- 
rounding tissue. ’ ’ s 

It is important to compare the localization and concentration of 
trypan blue in areas of inflammation produced by staphylococci with 
that which occm’s following the application of xylol. Especial attention 
is given in this study to the interval between the intradermal injection 
of organisms and the intravenous injection of the trypan blue. 


MATERIAL AND METHODS 

Normal rabbits are used in tiiis study. They are carefully shaved 
twenty-four hours or longer before the experiment is begun. 

The staphylococci are grown on extract agar at 37.5° C. for twenty- 
four hours. The bacteria are washed with saline solution from the agar 
°rface and then washed three times in large volumes of physiologic salt 
SU | 1 l The organisms are suspended in saline solution. The con- 
s0 u 1 . ' - g s efficient to make a cloudy suspension. Two-tenths cubic 
centia ^ bacterial suspension is injected intradermally at in- 

centime ei ^ „ m twenty-five hours to immediately before 10 c.c. of 
tervals varym 0 

- f t t ie John and Mary R* Markle Foundation and the University 

•Aided by grants from 

p— *“• ”• 
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Observations on the Localization of Trypan Blue in Areas of Inflam- 
mation Produced by Killed Staphylococci.— The preceding experimental 
observations show that edema and hyperemia apparently are not the 
factors that determine the localization of trypan blue in areas of in- 
flammation. A saline suspension of killed staphylococci when injected 
intradermally in the rabbit produces hyperemia and edema and poly- 
morphonuclear leucocytes infiltrate the local area of the corium. To 
study the localization of trypan blue in areas of inflammation produced 
by killed staphylococci four rabbits are given intradermally killed or- 
ganisms suspended in saline solution at varying intervals before 10 c.c. 
of trypan blue is injected intravenously. Table III illustrates the re- 
sults observed in these rabbits. This chart also shows the variation in 
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Fig. 1.- — Localization of trypan blue in areas of inflammation produced by staphy- 
lococci. A, Suspension of staphylococci ; b, a diluted 1/10 ; O, a diluted 1/100. Observa- 
tions on necrosis, hyperemia, and edema made immediately before 10 c.c. of 0.2 per 
cent trypan blue was given intravenously. Location of dye recorded thirty minutes 
following injection. 


Table III 


Localization of Trypan Blue Following an Intravenous Injection in Areas 
of Skin Previously injected Intradermally With Heat-Killed Staphylococci* 


KFSl'BXSIOSl OF 

INTERVAL BETWEEN 

INJECTION OF BACTERIA AND DYE 

STAPHYLOCOCCI 

3 iir. I 

2 IIR. 

1 HR. 

30 MIX. | 

0 MIX. 

Undiluted 

Hyperemia 
anil edema) 

Hyperemia 
and edema 

Hyperemia 
and edema 

No reaction 1 

Xo reaction 

1/10 

Xo dye 

Xo dve 

D vet 

Dve 

Dve 

Hyperemia 
and edema 

Hyperemia 
and edema 

Xo reaction 

Xo reaction 1 

Xo reaction 

1/100 

Xo dve 

Xo dve 

Dve 

Dve 

Dve 

IXo reaction Xo reaction 

Xo reaction 

Xo reaction 

Xo reaction 


(Xo dye 

(Xo dye 

Dye 

Dye 

Dve 


t observations were recorded thirty minutes following the intravenous injection 

or in c.c. of 0.2 l»er cent suspension of trypan blue. 

fAfiiky suspension of heat-killed staphylococci in saline solution. 


tThis dye was 
e<iual amount wa 
injected. 


only around the point of entry of the needle and approximated* an 
s Present where each of the three dilutions of the staphylococci ‘was 
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e\idonce oi' inflammation produced by the staphylococci used iu this 
study occurs only after one hour. Polymorphonuclear leucocytes begin 
to infiltrate the tissues, however, after only a few minutes. 

J he rabbits used in the preceding experiment were injected in- 
travenously with trypan blue. The following data (Table II) are the 
macroscopic observations on t he localization of trypan blue in the areas 
of skin previously injected with the bacteria. These observations are 
made within fifteen minutes following the injection of the dye. 

Table II 


TIME 


so. or 
RABBITS 


MACROSCOPIC 

INFLAMMATION 


LOCALIZATION OF TRYPAN BLUE 


0 mm. 

11 

None 

IS min. 

0 

None 

30 min. 

7 

None 

15-00 min. 

0 

None 

11/ -IV* hr. 

4 

Hyperemia mul edema . 

2-3 Ur. 

to 

Hyperemia and edema 

4-5 hr. 

4 

Skin shows hyperemia, 
edema, and necrosis 

G-S hr. 

4 

Skin shows hyperemia, 
edema, and necrosis 

10-20 hr. 

13 

Skin shows hyperemia, 
edema, anti necrosis 

21-25 hr. 

13 

Skin shows hyperemia, j 
edema, and necrosis J 


Sinai! amount of dye at point of 
entry of needle 
•Small amount of dve 


A smaller amount of dye than ob- 
served between 30 min. and 1% 
hr. 


Only a narrow zone of dye is pres- 
ent around the periphery of the 
necrotic areas 


It is evident, from the above data that trypan blue localizes in areas 
of skin where staphylococci have been previously injected when there 
is no macroscopic evidences of inflammation. Furthermore the greatest 
quantity of dye localizes in areas of inflammation when it is given in- 
travenously within a period of three hours following the intradermal 
injection of the bacteria. When there is hyperemia, edema, and necrosis 
only a narrow zone of trypan blue localizes at the periphery of the 
necrotic area. 

Four rabbits are given 0.2 e.e. of the following dilutions of staphylo- 
cocci intradermally in studying the effect that a variation in number of 
staphylococci might have on the localization of trypan blue in areas of 
inflammation; the original suspension, 1/10 and 1/100 dilutions of the 
•'o-jnal suspension. The bacteria are injected intradermally at varying 
intervals preceding the intravenous injection of 10 e.e. of trypan blue. 

' j s ] imvs the location of trypan blue in the skin in one of these 
n ‘ts after thirty minutes. It appears that the quantity of dye that 
ra ! ‘ ■ areas 0 f inflammation is only partly influenced by the num- 

localizes ^ injected. After ten minutes there is no dye in any 
her o vie ei ^ 1/100 dilution of this suspension of staphylococci 
of the aieas « 1 ^ j our rabbits. There is a diminution in the size 

is given to ^'° °. flaTnma tiou and the amount of dye where the 1/1 00 
of the areas o ‘ mnal . c d with the undiluted suspension, 
dilution is injected as ) 
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Observations on the Localization of Trypan Blue in Areas of Inflam- 
mation Produced by Killed Staphylococci . — The preceding experimental 
observations show that edema and hyperemia apparently are not the 
factors that determine the localization of trypan blue in areas of in- 
flammation. A saline suspension of killed staphylococci when injected 
intradermally in the rabbit produces hyperemia and edema and poly- 
morphonuclear leucocytes infiltrate the local area of the eorium. To 
study the localization of trypan blue in areas of inflammation produced 
by killed staphylococci four rabbits are given intradermally killed or- 
ganisms suspended in saline solution at varying intervals before 10 c.c. 
of trypan blue is injected intravenously. Table III illustrates the re- 
sults observed in these rabbits. This chart also shows the variation in 
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Fig. 1. — Localization of trypan blue in areas of inflammation produced by staphy- 
lococci. A, Suspension of staphylococci ; B, a diluted 1/10 ; C, a diluted 1/100. * Observa- 
tions on necrosis, hyperemia, and edema made immediately before 10 c.c. of 0.2 per 
cent trypan blue was given intravenously. Location of dye recorded thirty minutes 
following injection. 


Table III 


Localization or Trypan Blue Following an Intravenous Injection in Areas 
or Skin Previously Injected Intradermally "With Heat-Killed Staphylococci* 


SUSPENSION t OF 

INTERVAL BETWEEN 

INJECTION or BACTERIA AND DYE 

STAPHYLOCOCCI 

?» IIR. 

2 nr.. 

1 Hr.. 

30 MIX. 

0 MIX. 

Undiluted 

Hyperemia 
and edema 

Hyperemia 
and edema 

Hyperemia 
and edema 

No reaction 

No reaction 

1/10 

Xo dye 

Xo dve 

Dve} 

Dve 

Dve 

Hyperemia 
and edema 

Hyperemia 
anil eOema 

Xo reaction 

No reaction 

No reaction 

l/mn 

Xo dye 

Xo ilvo 

Dve 

Dve 

Dve 

Xo reaction 

Xo reaction 

Xo reaction 

No reaction 

No reaction 


Xo dye 

Xo dye 

Dye 

Dye 

Dye 


r !T h0 * w ° observations were recorded thirty minutes following the intravenous injection 
or 10 c.c. or 0.2 per cent suspension of trypan blue. 

f Milky suspension of heat-killed staphylococci in saline solution. 


dye was only around the point of entry of the needle and approximated* an 
injectod Tn ° Unt Was prrj:r>nl whcrc «ach the three dilutions of the staphylococci* was 





























440 


SURGERY 
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!>e present, but trypan' blue when • , P ? mor P ] ionuelear leucocytes may 
some of the areas There is 5 " ^ llltravenousl y faiI s to localize in 

b £ -isr-ztsr r £ * 



hour and fifteen mimftes^before fhe Pi section CUS was in;iect - ei1 ia tra " 


Fig. 2. — 0.2 c.c. of a saline 

dermally one hour and fifteen m rna 

polymorphonuclear leucocytes are present Uroiml nf section was removed. Many 
large amount of dye localized in this area immedfateL i?,n hyl ? cooci a . n r Present. A 
jection of 10 c.c. of trypan blue. B, 0.2 M of n °' v,n5 a . n intravenous in- 

staphylococci was injected intradermallv and the section ^.» USPensi j n 2f heat-killed 
and fifteen minutes. Leucocytes and groups of stmhv?J[L5jJ? rern0V0li after one hour 
dye localized here following an intravfeno^iSje^^jP^^arepresent Very little 


areas of skin injected with the undiluted suspension of bacteria thirty 
minutes and one hour before the dye is given. Thirty minutes following 
the injection of trypan blue essentially the same amount of dye is pres- 
ent in those areas injected with each of the three dilutions of bacteria 
immediately, thirty minutes, and one hour before the tiypan blue is in- 
jected. 
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Several rabbits are injected with both live and heat-killed suspensions 
of staphylococci. Trypan blue localizes in certain of the areas injected 
with the live organisms and does not localize in the corresponding areas 
injected with the killed bacteria. Fig. 2 shows the local leucocytic reac- 
tion where live and heat-lnlled organisms are injected one hour and 
fifteen minutes previous to the removal of these sections. Trypan blue 
when given intravenously stains the areas where the live bacteria are, 
while essentially no dye localizes in the area where the heat-killed bac- 
teria are located. 

DISCUSSION 

The observations made in this experiment show that trypan blue fol- 
lowing an intravenous injection may localize in areas of skin previously 
injected with staphylococci when there is no evidence of macroscopic 
inflammation. The localization of trypan blue in areas of skin injected 
intradermally with staphylococci apparently cannot be correlated with 
either edema, hyperemia, or the presence of leucocytes. Similar observa- 
tions were made on the localization of trypan blue in areas of inflamma- 
tion produced by the local application of xylol. In the experiment with 
xylol the greatest quantity of dye localized in the last area where the 
irritant was applied immediately before the dye was given. 2 

The present experiments support the observations and opinion pre- 
viously expressed on the relation of capillary permeability as shown 
by the localization of trypan blue to local leueocytosis. 2 It would ap- 
pear that the rabbit’s skin becomes blue following an intravenous in- 
jection of trypan blue as a result of a change in the permeability in the 
capillaries and extravaseular cells. Tins change in the permeability may 
occur simultaneously with edema and hyperemia; however, it may be 
absent in areas of edema and hyperemia as shown by the failure of such 
areas to stain blue following the intravenous injection of trypan blue. 

It is suggested that the staphylococcus may elaborate a substance in 
vivo which injures tissue cells. If the injury is mild, the cell will take 
up the colloidal particles of trypan blue. If the injury is severe and the 
cell is destroyed, it eannot take up the dye and thus the area of necrosis 
will not become blue. This opinion is based upon the diffuse localization 
of trypan blue in those areas where staphylococci are injected within 
a period of three hours before the dye is injected. At this time ap- 
parently the permeability of the greatest number of cells is changed, 
permitting the localization of the dye either in or on the cells. Edema 
and hyperemia may be present in other areas of the same rabbit; how- 
ever, there occurs a diminution in the quantity of trypan blue that will 
localize when the organisms are injected several hours previously. 

Thrombosed capillaries do occur in areas of inflammation as pointed 
mil by Mcnkin 3 ; however, an insufficient number of such vessels have 
been found in these experiments apparently to account for the failure of 
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trypan blue 1 o reach areas of inflammation where the bacteria are in- 
jected six to twenty-four hours previously. 

In any study on the localization of a dye in areas of inflammation it 
appears important to make frequent, observations immediately following 
the injection of the dye in order to separate localization and concentra- 
tion from retention of colloidal dyes in areas of inflammation. It has 
been shown that, trypan blue is always retained for a longer time in 
those tissues that show inflammatory changes than in the normal skin. 2 
It must also he remembered that the interval in which trypan blue may 
localize in areas of skin previously injected with staphylococci will be 
influenced hv the virulence of the bacteria, the number of organisms, 
and the susceptibility of the animal. 

SUMMARY 

Trypan blue .when given intravenously to rabbits localizes and con- 
centrates in areas of skin previously injected with a saline suspension 
of staphylococci in the greatest quantity where the bacteria are injected 
within a period of three hours previous to the injection of the dye. 

There is no relation between edema and hyperemia and the localization 
and concentration of trypan blue in areas of inflammation produced 
by staphylococci. 

Essentially no dye localizes in areas of the rabbit’s skin previously 
injected with killed staphylococci, although corresponding areas injected 
with live organisms in the same rabbit wall become blue following an 
intravenous injection of trypan blue. 
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Editorial 


The Sphincter of Oddi 


R ECENT anatomical and physiological studies have revealed anew 
the complexity of that sheath of intrinsic muscle fibers which en- 
closes the common bile duct in its short course through the wall of the 
duodenum. Improved maceration techniques 1 indicate that, in addition 
to newly described “reinforcing fibers” which strengthen the corners 
of the window through which the duct enters the duodenum and “con- 
necting fibers” which tie the duct to the margins of the window and 
help erect the papilla, there are three sphincter bands which are present 
in varying degree in different individuals. Of these, the sphincter 
chohdochus, a well-developed sheath of muscle fibers encircling the bile 
duct from its entrance into the duodenum to its junction with the 
pancreatic duet, is the one muscle (in the varying patterns of termina- 
tion of these duets) that is always so placed as to obstruct the flow of 
bile and to cause it to back up into the gall bladder during intervals 
between meals. 

The second ring, the sphincter pancrcaticus . encloses the end of the 
pancreatic duet just before it joins the bile duct in about one-third of 
all individuals. The part it plays in regulating the flow of pancreatic 
juice is not yet apparent, but it is of interest to note that in the chim- 
panzee the duodenal portion of the accessory pancreatic duct is always 
enclosed by a strong sphincter. 2 


The third ring, the sphincter ampullae, is well developed in only one- 
sixth of all individuals. Curiously enough, this Is approximately the 
percentage of patients in whom reflux of contrast media into the pan- 
creatic duct has been demonstrated by cholangiography, 3 - 4 the implica- 
tion being that in this percentage of the population spastic contraction 
of the muscle around the ampulla of Yater creates a common passage 
Enough which the contents of one duct may pass into the other. More 
recently the reflux of pancreatic juice into the biliary tract has been 
demonstrated in man 3 and has been proved to be an agency for the 
production of pigment stones in an experimental animal.' 

1 h> siologicaliy, there now exist experiments upon cholecyst eetomized 
and eholedochostomized patients which have tested simultaneously the 
pressure and rate of flow in the common bile duct and the pressure in 
the duodenum following sudden distention of the common duct. These 
ha\e demonstrated not only that the human sphincter of Oddi can act 
independently of the duodenal musculature, hut that the intense pain 
induced hv suddenly distending the common bile duet can he correlated 
only with spasm of the sphincter/’ 8 


•is:; 
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RECENT ADVANCES IN THE STUDY AND MANAGEMENT OP 
TRAUMATIC SHOCK 

Henry N. Harkins. M.D., Ph.D., Detroit, Mich. 

(From the John Simon Gugjenlieim Afcmorin? Foundation and the Department of 
Surgery, Division of General Surgery, Henry Ford Hospital) 

( Continued from the February issue.) 

V. SHOCK IN VARIOUS CONDITIONS 

The following summary shows the similarity between the shock that 
occurs in many medical and surgical conditions. The list of conditions 
is not complete and it is to be remembered that similarity and likeness 
are not to be confused. In all, or almost all, of these conditions shock 
is due to more than one factor, and it is only by analyzing the proper 
proportions in each case that a complete understanding can be gained. 

Traumatic Shock . — Shock due to trauma is one of the most common 
forms of shock, especially in this day of the automobile and the Axis. 
The importance of local blood and fluid loss in experimental traumatic 
shock has already been pointed out. Wilson and Koome (1933) pre- 
sented a dramatic clinical case confirming this experimental work, and 
four years later Harkins and Roome (1937) presented a study of ten 
cases demonstrating the same point. These latter authors found that 
concealed hemorrhage and extravasation of plasma into the tissues are 
usually greater when measured quantitatively than casual inspection of 
the resultant swelling would lead one to believe. Mahoney (193S) per- 
formed additional trauma to the extremity experiments with resultant 
decreases in the blood pressure, blood volume (and especially in the 
erythron), total circulating protein, and in hemoconcentration. 

Hemorrhagic Shock. Shock Due to Whole Blood Loss . — This is an im- 
portant factor in many types and examples of shock. The article of 
Lehman and Amole (193S) emphasizes the function of the spleen in the 
retardation of shock from hemorrhage. Recently recovered splcnee- 
tomized dogs did not stand repeated withdrawals of blood as well as 
normal dogs. 

Intra-Abdominal Apoplexy . — This typo of shock due to spontaneous 
rupture of an abdominal visceral artery is discussed by Thompson and 
Dunphy (193.7) and by (’rile and Newell (1940). Bartlett and Bartlett 
(1933) also reported on shock due to intraperitoneal hemorrhage. 
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Fig. 4. — Blood pressure fall following hemorrhage in control dogs. The tine hnes 
represent individual and the heavy line the average arterial blood pressure curves 
during: withdrawal of 5 c.c, of blood per kilogram of body weight at five-minute inter- 
vals. (From Lehman, E. P„ and Amole, C. V.: Surgery 4: 47, 1938.) 
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following hemorrhage in splenectomized dogs. 
5 , — Blood Pressure s 1 essure tracings during withdrawal of 5 c.c. 
,ml and averast • eight it five-minuto intervals. (From Lei. man, JO. 

StmoCTT 4. 47. 1938.) 
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Shod: During Operations. Operative Shock .—' The important observa- 
tion of Livingstone, McFetridge, and Brunner (1933) that during 
anesthesia “blood pressure changes, rather than an increase in pulse 
rate frequently present the earliest evidence of circulatory failure, 1 2 3 * 5 
should be remembered by every anesthetist. It should also be noted 
that, while the pulse rate is often misleading, the blood pressure often 
is as well. Batch and Little (1924) determined the blood loss during 
surgical operations by testing the sheets, sponges, etc., and found 
it greater than was anticipated (mastectomy, 710 c.c. ; nephrectomy, 
816 c.c.; laminectomy, 672 c.e., etc.). They advised large (3 liters 
if indicated) transfusions to counteract this direct blood loss. 



Table VIII 

Conditions in Which Oligemic Shock May Occur. 


1. Hemorrhage — to outside, into tissues, into body cavities 

2. Mechanical trauma — operative, accidental, trauma to intestines 

3. Thermal trauma — burns, freezing, peritoneal cooling 

I. Asphyxial trauma — mesenteric vascular occlusion, intestinal strangulation, tourni- 

quet, heat stroke 

u. Actinic trauma — radiation burns, sunburn 

ti. Chemical trauma — bile peritonitis, perforated peptic ulcer, acute pancreatitis 
( ?). war gas poisoning 

T. Trauma due to specific or nonspecific poison. — mercuric chloride, arsenical?, gold 
chloride, snake venom 

S. Special capillary poisons — tissue autolvsis. histamine, anaphylaxis, peptone 
Medical conditions — diabetic coma, eclampsia 
Id. Infections— cholera, pneumonia (especially influenzal and streptococcal) "as 
gangrene, diphtheria, peritonitis ’ * 

II. Hyperventilation 
12. Spinal anesthesia 
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CoJler and Maddock (.1932) confirmed Catch ’s observations and 
concluded: “In general, the operator is surprised to find the blood 
loss as high as calculated, since lie does not think of the gauze sponge 
as absorbing much blood. ... It is probable that most surgeons under- 
estimate the amount of blood lost, especially in operations . . . in which 
wide areas of the body are uncovered with many small points of 
hemorrhage, control of which is attempted by gauze packing. ” One 
patient upon whom radical mastectomy was performed under nitrous 
oxide-oxygen anesthesia lost 1,272 c.c. of blood. 

Relation of General Anesthesia and Shoe !;, — Stewart and Bourke 
(1938) made studies similar to those of Mann and his co-workers, only 
on the effects of operation and ether anesthesia in man. They reported 
a lowering of plasma volume, often greater than the measured blood 
loss at operation would explain. Adolph, Gerbasi, and Lepore (1934) 
believed that amytal caused the spleen to discharge its red cells. 
Adolph and Gerbasi (1933) found that intraperitoneal sodium amytal 
administration in dogs led to a blood dilution. The results of Elman, 
Weiner, arid Cole (1935) are not entirely compatible with this, for 
they found that the usual dilution of blood occurring in dogs after a 
single large hemorrhage under local anesthesia is absent when a similar 
hemorrhage is performed after the induction of intravenous sodium 
amytal anesthesia. There may even be concentration of the blood in 
the latter case. See2ey, Essex, and Mann (1936) found that the exuda- 
tion from experimentally traumatized intestines is much less under 
amytal than under ether anesthesia. Amytal caused an immediate 
blood dilution and definitely delayed the eventual hemoconcentration 
and onset of shock. The series of animals experimented upon under 
ether, on the other hand, developed immediate and rapid hemocon- 
centration. Essex, Seeley, Higgins, and Mann (1936) found that 
ether anesthesia in the dog causes a marked increase in the erythro- 
cyte count and the value for the hemoglobin and the hematocrit value, 
while sodium amytal causes the spleen to dilate markedly, which re- 
moves a considerable percentage of erythrocytes from the circulation. 
These results agreed with those of Searles and Essex (1936), who 
showed that ether anesthesia produces a hemoeoneentration while 
amytal anesthesia results in a hemodilution. 

Murphy (1940) , in discussing the question of anesthesia in shock, 
ointed out the possible hazards of morphine. Kabat (1940) empha- 
P - 01 1 that o-eneral anesthesia (ether) increases the susceptibility of 
sizec rj^-g ma y ] )e d U e to the attendant decrease in muscle 

eats to.sio ^ vetl0US return, to the decreased ability to adjust to 
tone m ^ pji a nd possibly to the exaggeration of depressor 

changes m Rabat believes that spinal anesthesia may exert a 
reflex activi J. forward no evidence to support this con- 

beneficial effect, but P* 
elusion in his article. 
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A recent discussion in the Lancet (1940-1941) on the question of 
whether local or general anesthesia is best in shock is of interest. Claihe 
and Kessel (1940) advised local anesthesia, whereupon an editorial (Dec. 
21), Hewer (1940), and Macintosh attacked this view, while Dodd (1941) 
and Henry (1941) supported it. The results of Pickering, Steinmeyer, 
and Luckhardt (1938) on the hemodynamic effects of procaine are 
apropos to this discussion. 

Spinal Anesthesia . — The comprehensive monograph by Schuberth 
(1936) on the circulation in spinal anesthesia indicated from both ex- 
perimental and clinical observations that the low blood pressure ac- 
companying spinal anesthesia is a type of secondary shock. This 
author showed by detailed studies that there was a moderate decrease 
in the oxygen consumption, a slight decrease in the oxygen content of 
arterial blood, and a considerable decrease in the oxygen content of the 
venous blood and in the cardiac output per minute. However, the ab- 
sence of blood concentration and of a decrease in the blood volume 
differentiated spinal anesthesia shock from other types of true sec- 
ondary shock. Goldfarb, Provisor, and Koster (1939) have also stud- 
ied circulation during spinal anesthesia. 

Shock Due to Plasma Loss . — As discussed elsewhere, the loss of plasma 
is no less dangerous than that of whole blood, even though the red color 
that is associated with danger is absent from the lost fluid. “'White" 
hemorrhage may be even more menacing than red. Harkins and 
Harmon (1937) reviewed the literature and collected data on the 
occurrence of plasma loss in ten conditions. They concluded that : 

“(1) Plasma-like fluid is lost from the blood stream in a variety of 
conditions. These include burns, freezing, bile pei'itonitis, tissue 
autolysis in vivo, acute pancreatitis, pneumonia and pulmonary edema, 
intestinal manipulation, portal and mesenteric obstruction, externally 
strangulated colostomy loops, and release of a constrictor of an ex- 
tremity. 

“(2) The types of trauma which produce these conditions can be 
roughly divided into (1) thermal trauma, (2) chemical and bacterial 
trauma, (3) mild continued mechanical trauma, and (4) capillary 
injury due to inadequate circulation. 

“(3) The amount of plasma-like fluid lost in these conditions ap- 
proaches that which, when removed experimentally in plasmapheresis 
experiments, will produce death. Even in cases where the amount of 
fluid lost is not sufficient to cause death, it is often of sufficient impor- 
tance to be recognized.” 

The data upon which these conclusions were based are summarized 
in Tables IX to XII. Many of the following conditions in which 
shock occurs are accompanied by an extensive plasma loss. 
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Table IX 


A Comparison of the Concentration of Certain Substances in Blood Plasma 
and in the Fluid Lost From the Blood Stream 
in Various Conditions* 


mjiD 

SUGAR 

Nacl 

MG. I'ER 100 
C.C. 

NON PROTEIN 
NITROGEN' 

PROTEIN 
GM. PER 100 
C.C. 

1. Burns 

134 

G8G 

GG 

7.0 

2. Freezing 

07 

G97 

50 

3.G 

3. Bile peritonitis 

GO 

51G 

32 

4.3 

4. Tissue autolysis in vivo 

83 

5G5 

71 

7.G 

5. Acute pancreatitis 

No data 

No data 

No data 

No data 

0. Pneumonia and pulmonary 

No data 

031 

No data 

No data 

edema 

7. Intestinal manipulation 

221 

GIG 

Cl 

G.2 

8. Mesenteric obstruction 

215 

577 

36 

3.0 

9. Externally strangulated 

137 

G89 

21 

4.5 

colostomy loops 

10. Release of a constrictor of 
an extremity 

No data 

G19 

47 

4.4 

Average 

131 

G22 

48 

5.2 


♦Control values for blood plasma were: sugar, 104 ; NaCl, 676 ; nonprotein nitrogen. 
54 mg. per 100 c.c. ; protein, 4.2 Gm. per 100 c.c. 


Table X 

Bleeding Volume in Various Conditions in Which Plasma Hemorrhage Occurs* 


CONDITION 


BLEEDING VOLUME 
PER CENT BODY WEIGHT 


1. Bums 

2. Freezing 

3. Bile peritonitis 

4. Tissue autolysis in vivo 

5. Acute pancreatitis 

G. Pneumonia and pulmonary edema 
7. Intestinal manipulation 
S. Mesenteric obstruction 
9. Externally strangulated colostomy loops 
10. Release of a constrictor of an extremity 
Average 


l.G 

2.0 

l.S 

2.2 

No data 
No data 
1.4 

No data 
No data 
No data 


l.S 


77'Lntml values for the bleeding volume of animals under barbital have been ie- 
nnrted ■ 5 2 4.5, and 4.17 per cent of body weight. In primary types of shock the 
awdintr volume is usually above 3 per cent (c.g., following histamine injections, 
b lropn?l and in secondary types of shock is below 3 per cent (e.g., following trauma 
to r a n extremity, 1.7 per cent). 

jj Urns The literature on this subject lias recently been reviewed 

1 • Harkins (1938) , so only a brief mention of a few reports will be 
made at this time. Harkins, Wilson, and Stewart (1935) found no 
ddence of toxic action in protein-free extracts of burned skin. 
tt •! ' H934-1938) in a series of eight papers studied burns especially 

31 fh standpoint of fluid loss and shock. This work was essentially 
ftom e 0 £ Blalock (1931) and its chief contribution was 

an extens ^ ^ time curve of the edema at the site of the burn by 
the obtaining apparatus connected with a kymographic tracing. 

means ox a ° .jietized an j m al which was burned gradually 

The one side of an anesu 
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Table XI 


Blood Concentration in Various Conditions in Which Plasma Hemorrhage 

Occurs 


CONDITION 

HEMOGLOBIN: HEMATOCRIT: 

INCREASE AS PER INCREASE AS PER 

CENT INCREASE OVER CENT INCREASE OVER 
CONTROL READING CONTROL READING 

1. Burns 

27 

28 

2. Freezing 

40 

40 

3. Bile peritonitis 

4S 

43 

4. Tissue autolvsis in vivo 

37 

42 

5. Acute pancreatitis 

No data 

Xo data 

6. Pneumonia and pulmonary edema 

66 

Xo data 

7. Intestinal manipulation 

48 

Xo data 

8. Mesenteric obstruction 

57 

No data 

.0. Externally strangulated colostomy loops 

Xo eliange 

Xo change 

10. Release of a constrictor of an extremity 

No data 

Xo data 

Average 

46 

38 

Table XII 


Total Plasmalike Fluid Recovered in Various Fatal Conditions Expressed as 

Percentage or Body Weight* 



LOSS OF PLASMALIKE 

condition 


FLUID IN PER CENT 



BODY WEIGHT 

1. Burns 


3.2, 2.2 

2. Freezing 


2.6 

3. Bile peritonitis 


2.5 

4. Liver autolysis peritonitis 


2.6 

5. Acute pancreatitis 


Xo data 

G. Pneumonia and pulmonary edema 

Xo data 

7. Intestinal manipulation 


Xo data 

8. Mesenteric obstruction 


5.2 

P. Externally strangulated colostomy loops 

Xo data 

10. Release of a constrictor of an 

extremity 

3.5 

Average 


3.1 


'Control values in death following plasmapheresis have been reported as 2.6 per 
cent body weight (Johnson and Blalock. 1931), 4 per cent (Harkins and Harmon, 1937) 
and 1.4 per cent (Roome, Keith, and Phemister, 1933). 


became heavier than the imburned side and the curve of this increase 
in weight gave a quantitative record of the increase in local edema. 
In previous experiments Blalock burned one side of thoroughly anes- 
thetized animals and found at death that the weight of the two sides 
after bisection indicated an excess in weight of the burned side averag- 
ing 3.34 per cent of the body weight. More recent observations on 
burns include the following: Wilson, Rowley, and Gray (1936) and 
M ilson and Stewart (1940) found adrenal cortical extract of help in 
the treatment of burns. Trusler and associates (1939) used trans- 
fusions in burn treatment. Gunther (1939) stated that stasis in small 
vessels is an important factor in shock due to burns. Elkinton (1939) 
has added new evidence to the theory that fluid loss is of importance 
in burns. Greenwald (1940) discussed the overactivity of the adrenals 







454 


SURGERY 


in tiie early stage. The paper of Keel ey, Gibson, and Pijoan (1939), 
demonstrating the decreased blood and plasma volume in burns, is of 
importance. It not only confirms the results of previous workers but 
makes the conclusions more accurate, the new dye (Evans blue) method 
being used in these determinations. It is to be remembered that late 
deaths following burns arc not due to shock in many instances any 
more than are late deaths after operation. Blalock (1934) realized 
that, what causes death at an early period in a disease is not necessarily 
the fatal factor all through it. With regard to burns, still retaining his 
ideas as to the importance of fluid loss in the early hours, he stated: 
“I believe that deaths which occur from three to ten days following 
severe burns are due in large part to the absorption of protein decom- 
position products.” 

Freezing . — .Harkins and his associates (1934-1937) found that the 
changes accompanying experimental local freezing are quite comparable 
to those resulting from its thermal relative, burning. Thus, hemo- 
concentration, lowered bleeding volume, decreased blood pressure, and 
decreased blood flow occurred. However, these observations are of little 
practical interest since local freezing of this extent rarely occurs, the 
patient usually succumbing to the general effects of the cold before shock 
can intervene. 


Roentgen Irradiation Shock. — Moon, Kornblum, and Morgan (1940, 
1941) reported a shocklike condition accompanied by hemoconcentra- 
tion following experimental roentgen radiation of the abdomen. 

Influenza . — Underhill and Ringer (1920) showed that lung edema in 
this condition acted much as did war gas poisoning. Erythrocyte counts 


to 9,000,000 and hemoglobin values to 140 per cent were noted. Even 
in ordinary lobar pneumonia the local loss of fluid may be of impor- 
tance, even if it is not the chief factor. This has been emphasized by 
Moon (1938). Andrews and Harkins (1937) studied the lungs and 
pleural fluid in twenty-three pneumonia patients. The increase m 
Weight averaged 2.S1 per cent body weight, and these authors concluded 
that under certain conditions this loss may be significant and, if rapid 


enough, may result in a shocklike condition. 

■y y ar Gas Poisoning. — The pioneer work of Underhill (1918, 1919, 
1920) has established the importance in this condition of local fluid loss 
into the lungs with resultant liemoconcentration and shock. Wilson and 
Goldschmidt" (1919) and others have extended this work. 

, .- Shock. The classic experiments of Simmonds (191 7, 1918) 

W. t peptone shock and fat embolism shock differed in many 
shove j n f ac t the effects of the latter were accomplished 

importan i ' mp iratory embarrassment. Dragstedt, Ever, and 

pnmari y T, (193S) showed that vitamin C does not. protect 
Ramirez de re < anc i Eycr, Dragstedt, and Ramirez de 

against peptone siiocx 
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Arellano (1938) also showed it to be without beneficial preventive effect 
in anaphylactic shock in dogs. Peptone shock in fetal dogs has reeentlj 
been studied by Dragstedt, Ramirez de Arellano, and Lawton (1940). 

Constriction of an Extremity (Tourniquet ) . — The paper of "Wilson 
and Roome (1936) is of great practical value. These authors emphasized 
that the use of the tourniquet may be dangerous from the standpoint 
not only of the local gangrene but also of general shock. They showed 
that release of a constrictor that had been in place too long will give such 
a marked loss of fluid into the tissues that this cause alone will produce 
shock. Allen (1939) has shown that this action of the tourniquet in 
producing capillary damage may be prevented in part by keeping the 
extremity very cold while the constrictor is in place. The studies of 
Allen (1939) on the production of experimental shock by release of a 
constrictor to an extremity are of interest. This author not only has 
produced shock by this means but also has found that whole blood or 
plasma is of benefit in its treatment. 

No review of recent work on shock would be complete without review- 
ing the recent work of Allen (1937-1939) on the temperature factor in 
the use of the tourniquet. This author repeated and confirmed the con- 
clusions of Wilson and Roome (1936). He showed that there are two 
factors in the causation of secondary shock on release of a tourniquet : 
(1) the length of time of ligation and (2) the amount and nature of the 
tissue ligated. In man fatal shock is known to result from constriction of 
the thigh for an uncertain time. Blocking of the circulation of the upper 
arm has also caused fatal shock upon release after a very long time. This 
is the smallest mass of peripheral tissue known to produce fatal shock 
by ligation and later release. Reasoning from analogy with experimental 
animals, Allen (1938) concluded that a tourniquet below the elbow could 
not give rise to fatal shock regardless of the time before release. 

Allen did a large number of tourniquet experiments on rats, develop- 
ing a standardized technique whereby in a large series of animals the 
relation of time of constriction to development of local necrosis or gen- 
eralized shock could be plotted. This not only gave interesting informa- 
tion in itself, but furnished a standard method for future quantitative 
shock experiments. At room temperature the leg tissues were found to 
withstand a constriction of over fifteen hours. The most interesting 
point about Allen's work, however, is that as the temperature was pro- 
gressively raised the effects of asphyxia were accelerated as regards pro- 
duction of both local gangrene and systemic shock. Contrariwise, when 
the temperature was reduced, these effects were retarded. Near 0° C. 
recovery was possible after ligation for fifty-four hours. Furthermore, 
when a poison, such as strychnine, was introduced into a limb, a suitable 
series of treatments with tourniquet and refrigeration allowed the animal 
to tolerate many times the fatal dose without harm. These experiments 
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have important implications not only for Die subject of shock, but also for 
a myriad of other surgical problems including local infection, gangrene, 
amputation, etc. 


Alien concluded: “A temperature slightly above 0 degrees C. in a 
limb reduces the metabolism of the tissues so as to enable them to with- 
stand absence of circulation for hours or even days. ... It is believed that 
this principle has definite applications in practical limb surgery.” 

Intestinal Strangulation. — Studies indicate that in all types of in- 
testinal obstruction shock is liable t.o result from fluid loss. In strangula- 
tion obstruction this is particularly due to local loss of plasma and blood. 
The paper of Scott, and Wangensteen (1932) is one of the earliest re- 
ports of the importance of local fluid and blood loss in experimental in- 
testinal strangulations and their relationship to the degree of shock 
present. Elman and Cole (1932 and 1934) found a similar important 
local fluid loss in acute portal obstruction. Aird (1935) demonstrated 
the importance of blood loss in strangulation obstruction. Aird and 
Henderson (1937) showed that there is a moderate amount of histamine 
in the peritoneal transudate from strangulated intestinal loops. Knight 
and Slomc (1936) studied the amount of fluid loss in strangulation ob- 
struction and ascribed to it an important but only accessory role. In a 
later paper (1937) Knight attributed a toxic role to depressor substances 
contained in the peritoneal exudate. Later work of Maycock (193S) 
indicated that these products were toxic, but not markedly lethal, and 
hence of little importance in the picture of strangulation obstruction. 
The article of Scott (193S) dealing with experimental strangulation ob- 
struction emphasizes the role of blood and plasma loss in such cases. 


Scott found little evidence for either direct or transperitoneal absorption 
of “toxic products,” except, terminally. He concluded: “Whole blood 
and plasma are apparently lost from the general circulation in quantities 
sufficient in themselves to account for the symptoms of shock and death 
which occur in most cases of strangulation obstruction” and “when 


venous occlusion predominates the loss of whole blood is the chief factor, 
and when arterial occlusion predominates the loss of plasma is im- 
portant.” The anemia found by Scott following venous obstruction 
differs from the observations of Harkins (1937) on venous mesenteric 
thrombosis in human beings where marked hemoconcentration was likely 
to occur Fine, Fuchs, and Ge ndel (1940) reported that in dogs deeom- 
. 0 j distended small intestine retards or prevents the pro- 
piessi ^ eventually fatal loss of plasma that they found to result 
giessn ‘ . pj nC) Hurwitz, and Mark (1940) also found a marked 

plasma loss in acate inteli'ml obslmolion. 

1 , .• Yascular Occlusion. — Mesenteric vascular occlusion may 

jfesen cue eJijef finical types: (1) portal vein thrombosis, (2) 

be divided m . ,, , i )0S ; s (3) mesenteric artery occlusion usually 


mesenteric vein 
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embolic in origin, and (4) intestinal strangulation in which both veins 
and arteries are occluded. Experimental workers have shown that ob- 
struction of these vessels is accompanied by an effusion of blood and 
bloody fluid into the peritoneal cavity, into the tissues supplied by the 
vessels in question, and into the lumen of the involved gut. This 
effusion has been found large enough, in many instances, to account for 
death of the animals on the basis of secondary surgical shock. Few 
clinical reports of the relation of such bloody effusion to resultant shock 
and death were found in the literature. The reports of Harkins (1936, 
1937) on a study of nine eases indicate that such an effusion may be 
important clinically. An analysis of these c-asas showed that in most 
instances there was a plasmalike effusion into the peritoneal cavity' with 
concomitant hemorrhagic infarction of the involved bowel. However, 
the blood and blood pressure studies and analyses of the peritoneal fluid 
in the early cases were inadequate to determine the amount of plasma and 
blood loss. After the study was begun, one case of fatal venous 
thrombosis with infarction of 240 cm. of intestine was more carefully in- 
vestigated. There was extensive loss of several liters of blood}' fluid into 
the involved bowel, peritoneal cavity, and from the stomach by vomiting 
with marked blood pressure fall and hemoeoueentration (hemoglobin 
143, hematocrit 61). The pei'itoneal exudate was chemically similar 
to blood plasma. A study of these cases indicated that effusion of circu- 
lating blood fluids may be a factor in the production of surgical shock 
and resultant death in patients as well as in laboratory animals. Boyce 
and MeFetridge (1935) studied the importance of shock in mesenteric 
vascular occlusion and Boyce, Lambert, and MeFetridge (1935) investi- 
gated it in experimental occlusion of the portal vein. The importance 
of local blood loss in these two related conditions was stressed. Aird 
(1938), using the vital red method of determining blood volume, noted 
a marked decrease in experimental strangulation where the veins were 
occluded. 

Peritonitis . — The importance of shock in this condition has been 
pointed out by Moon (1938) and others. Harmon and Harkins (1934, 
1937) made a study of the vasodepressant substances present in the 
peritoneal fluid. In 1935 they found no reduction in the bleeding volume 
in the shock state that accompanies acute experimental colon bacillus 
intoxication, and hence classified the condition as primary shock. In all 
types of peritonitis local fluid loss is of importance, but especially is this 
true of bile peritonitis as shown in the following section. 

Bile pc ri t on it is . — Mason and Lemon (1931. 1932) pointed out that 
dehydration might be an important factor in death from liver autolvsis. 
Previous ideas concerning death in this condition and in bile peritonitis 
had centered around the toxic and the anaerobic bacterial theories. In a 
series of five papers Harkins. Harmon, Andrews, and Hudson (1935, 
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1936 and 1937) studied the exudate in experimental bile peritonitis and 
found it to bo plasmalike in composition. This indicated the possibility 
that not merely a dehydration, but an actual shoeklike condition might 
be a lethal factor. This was borne out by the finding of the exudate in 
appreciable amounts (2.2 per cent body weight) with associated blood 
pressure fall, hemoconcentration, and decrease in the bleeding volume. 
While the shock due to local fluid loss was not considered to be the entire 
explanation of death, it was considered to be important. In liver 
autolysis peritonitis the role of anaerobic bacteria seemed to be more 
important. These findings concerning bile peritonitis have since been 
verified by ifanson and Eginton (1938). These latter authors also con- 
cluded that “secondary shock from loss of fluid from the vascular 
system” is of importance. Unfortunately, this work has not as much 
practical value as would appear, because human bile is much more dilute 
and hardly irritating enough to duplicate the shock syndrome found by 
Harkins and his co-workers in dogs. Hence, this experimental work can- 
not be applied to patients without reservations. Blalock (1935) found 
gastric juice less irritating to the peritoneal surfaces than bile. Using 
dog bile or bile salts, Andrews, Harkins, Hannon, and Hudson (1937) 
found that a similar shock syndrome to bile peritonitis was produced 
by the subcutaneous injection of bile. There was local plasma exudation 
and general hemoconcentration, etc. Davis (1940) found that shock re- 
sulted from subcutaneous hypertonic (25 per cent) saline injections 
much the same as that following Harkins, Harmon, and Hudson’s sub- 
cutaneous bile injections. However, while the bile produced an out- 
flow of plasmalike fluid, the salt produced a much more aqueous edema. 

Peritoneal Irrigations . — These have already been considered in the 
experimental portion of this paper. Domenech-Alsina (1932) produced 
shock with hemoconcentration and oligemia by means of peritoneal 
irrigations of hypertonic solutions. Perla and Sandberg (1939) showed 
that intraperitoneal glncose produces a rise in serum potassium. 

Peritoneal Cooling . — Mahoney (1938) induced shock by placing often 
renewed cold saline packs between the folds of the mesentery of anes- 
thetized dogs for a period of one to one and one-half hours. A decrease 
in blood pressure, blood volume, and especially plasma volume, and total 
circulating albumin occurred. Only a slight blood concentration resulted 
and the author presented no definite evidence to explain the site of the 

lost plasma. 

fj lc intestines . — Blalock (1931) was the first to demon- 
r(l tl true importance of local fluid loss in this condition. In a 
strata e c ] ogs the average loss was 4.48 per cent of the body 

series o constituted only a small part of the fluid that escaped 

weight. G . toneum covering the intestines. Storckand Ochsner (J93G) 
from the pen o , , QC j p ressure following experimental intestinal 
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stripping. Swingle and Parkins (1935) did not agree with previous 
workers that shock could be produced by intestinal stripping. They 
found that “even two and one-half hours of vigorous stripping of the 
entire length of the small intestine between the fingers does not induce 
shock, nor significant lowering of the arterial pressure."’ Sehachter 
and Huntington (1940) found that dogs given oral desiccated thyroid 
went into shock much more easily following intestinal manipulation than 
normal dogs. 

vi. therapy of shock 

This most important aspect of the subject has been much clarified with- 
in the past few years. The rationale of empirically proved remedies has 
been studied, and a trend away from symptomatic treatment has been 
noted. For purposes of simplification, treatment will be divided under 
four heads: (1) standard or empirical treatment, (2) fluids, (3) 
oxygen, and (4) adrenal cortical extract. 

1. Standard Treatment. — This includes remedies arrived at em- 
pirically, some of which are logical, while others should be discarded. 

a. Best and Quiet . — As with many treatments, this has a different 
rationale according to what theory one ascribes. Thus, it will prevent 
nociceptive stimuli; it will prevent squeezing toxins out of injured 
parts; or it will prevent continued bleeding and local fluid loss. No 
matter what the theory, rest and quiet are advisable. 

b. Elevation of Feet . — In all cases of shock or impending shock this 
seems to be advisable, precaution being taken that respiration is not 
interfered with. Selby (1940) advised inversion of the patient as a first- 
aid measure in shock. In the hospital the foot of the bed should be raised 
and in the open the plan can be applied most simply by the stretcher 
hearer at the foot carrying the handles of the stretcher on his shoulders, 
while the rear stretcher bearer suspends tire head end at full arm's 
length. Howat (1940) and Seldon (1940) also advised elevation of the 
feet as an emergency measure in counteracting shock. 

c. Warmth . — The importance of cold in the initiation of shock was 
shown by the Shock Committee during World War I, by Blalock (1934), 
and Harkins and Harmon (1937). Warmth, then, certainly seems 
advisable, but too generalized heat of too high a degree might precipitate 
a too sudden capillary dilatation. In Cologne, at the University Surgical 
Clinic, Ililgenfeldt, the assistant of von Habcrer, advises against too 
great heat for this reason in burn shock. The new electrically heated 
cage (‘•Restor’’ shock cage) recently described in the Lancet 6 ™* is of 
interest. 

d. Sedatives . — These were advised by those who propagated the 
nervous theory, but as long ago as 1922 Cannon warned against too free 
a use of morphine in shock. Morphine is apt to exaggerate any anoxia 
that is present. The recent paper of Blalock and Cressman (1939) has 
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exploded the idea that spinal anesthesia is of benefit in shock. The type 
of general anesthesia to be used also depends on the cause of shock. Be- 
cause ether was said to he harmful in histamine poisoning, adherents of 
the histamine theory advised nitrous oxide-oxygen anesthesia. In the 
presence of anoxia this latter would seem to be a poor choice. 

e. Stimulant s . — The use of stimulants would seem to be mainly symp- 
tomatic and contradictory to the use of sedatives. It is possible, however, 
that caffeine might be helpful in anoxia. 

f. Vasopastics . — A perusal of the work on production of shock by 
adrenalin alone, discussed in a previous section, would certainly’ make 
one hesitant in using that drug in the treatment of shock. Especially 
is this true when it is realized that there is already a vasoconstriction 
present. The use of adrenalin, as advised by’ Guthrie (1917) and others 
and opposed by’ Atehley’ (1935) and others, arose because of the false 
concept that the peripheral arteries were relaxed in shock. In the 
blood pressure fall accompanying spinal anesthesia this is true, but not 
in real “secondary shock.” Hence the use of adrenalin should be aban- 
doned in true shock. 

Despite the experimental evidence against use of the vasospastics in 
shock, they will he tried empirically until the objections are more 
definite. Johnson in 1930 advised the use of ephedrine sulfate and in 
1937 suggested the use of neosynephrin hydrochloride in the treatment 
of acute shock from trauma and hemorrhage. So far no experimental 
evidence has been brought forth against the use of this latter compound. 
Its structural formula closely’ resembles that of epinejihrine and ephe- 
drine as shown by the following: 
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A usual dose of 5 mg. of the drug was given subcutaneously to six 
tients in shock,' five of whom recovered. In several cases the dosage 
ms repeated. Although the results in this series were good, the type of 
^ aS . , var j e d considerably’, and adjuvant treatment with blood Irans- 
I ,a . was use d in two cases. It therefore seems that a larger series 
fusions ‘ stll( -]j GC ] before the drug can he advised routinely. Wood 
S ‘ 10U Melbourne, also used neosynephrin with good results. lie 

(193 1> conjunction with an intravenous drip of large amounts of 
advise Motion and Wood transfusions. 

glucose Sc wr ;ters who heartily advocate the use of neosynephrin 
Even ^ome ^ mn intnmiii£ blood pressure during spinal anesthesia 
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recognize that this does not mean it is applicable to secondary shock. 
Thus, Silvers and Leonard (1940) state that “neosynephrin ... is not 
effective in cases where there is loss of blood volume or shock caused by 
toxic conditions sueh as peritonitis. ’ ’ 

In Germany where the treatment of shock is still symptomatic in 
many clinics, two tyramine derivatives, veritol and sympatol, are used 
extensively. Sympatol is obtained from tyramine by the addition of a 
methyl and hydroxyl group, while veritol is obtained by adding two 
methyls. Thus, these two compounds are quite similar to adrenalin in 
their action. Reports on the action of veritol in shock were made by 
Biissemaker (1938), Ilerkel (1938), Parade (1938), Cobet (1938), 
Baron (1938) and Kalk (1938). Colombi, of Milan, favors veritol plus 
normal saline solution in shock therapy. Devine (1939), of Melbourne, 
has also used veritol in shock. In a small series of cases only two out of 
ten consecutive patients failed to respond to its administration with a 
rise of blood pressure of over 20 mm. of mercury. 

Kunkel, Stead, and ‘Weiss (1939) found that paredrinol (a-N- 
Dimethyl-p-Hydroxyphenethylamine) may be of aid in some types of 
blood pressure fall, but that in the type of shock resulting primarily 
from loss of fluid from the blood stream the dnig is of little value and 
may even be harmful. 

Dodd (1940) has recently reviewed the effects of various drugs used 
in surgery to raise blood pressure. His remarks can be summarized 
as follows : 

1. Coramine: “No effect whatever is produced on the blood pressure, 
nor has any other benefit been observed.” 

2. Adrenaline: “Adrenaline is regarded as useless for the purpose 
of raising and maintaining the blood pressure in surgery.” 

3. I coral: “Too powerful for surgical purposes.” 

4. E serine: “Found to vary.” 

5. Eplicdrinc: “Duration of the raised level is uncertain. . . . re- 
mained the chief l’emedy until something better was found.” 

6. Cortin: “Effect was inconsistent.” 

T. Veritol (/3-p-oxy phenyl isopropylmethylamiue) : “ Of the drugs so 
tar tried it is the most satisfactory for raising the blood pressure.” 
This drug can be given intravenously, intramuscularly, or both. Intra- 
muscular dose is 0.75 to 1.0 c.c., rise begins in 3 to 5 minutes, maximum 
in about 20 minutes, duration 20 to 40 minutes, after which it should be 
repeated. Intravenous dose is 0.25 c.c.; rise is instantaneous and dura- 
tion is 20 to 25 minutes. Combined technique of 0.75 c.e. deep into 
shoulder muscles and 0.25 c.c. intravenously gives immediate and main- 
tained pressure rise for 30 to 45 minutes. 

8. Vardiazol and Veritol: “An effective twin injection.” 

9. Hypertonic Saline: Useful in bringing up low blood pressure due 
to spinal anesthesia. 
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In a recent editorial in the Lancet (2: 813, 1940) data are reviewed 
which indicate that veritol (/J-p-oxyjjhenyl isopropylmethj'lamine, an 
isomer of ephedrine) has no markedly' superior action over other and 
older sympatheticomimetic drugs. In this editorial the statement is 
made that “experience lias shown that physicians of the Continent tend 
to he unduly optimistic about the value of new drugs.” 

Freeman, Freedman, and Miller (1940) tested the effects of pro- 
longed adrenalin injections in normal dogs without anesthesia. They 
used practically the same dose per minute as Gregersen and Pinkston 
(1936) and Hamlin and Gregersen (1939), who found no marked change 
in plasma volume. Freeman and associates, however, continued their 
injections for at least one hour to one and one-half hours and to this 
they attribute their finding of a definite decrease in plasma volume and 
a state of shock (Gregersen and co-workers continued their injections 
beyond 30 minutes in only a few cases). Post-mortem studies sug- 
gested that the thud lost from the circulating blood in shock is dis- 
tributed through the tissue spaces and that some of it passes through 
the intestinal mucosa into the lumen of the digestive tract. 

2. Blood Substitutes. — This part of the treatment is in reality the 
sine qua non of modern shock therapy. It is not a symptomatic treat- 
ment; it attempts to get at the underlying pathology and replace what 
is actually lost. Four avenues of administration are available: oral, 
rectal, subcutaneous, and intravenous. Of these only the latter is sure 
enough to permit a patient 's life to depend upon it. Because of difficulty 
in getting in the collapsed veins in shock, physicians should not hesitate 
to cut down on veins in case of necessity. 


Oral Fluids . — The interesting experiments of van Liere, Northrup, and 
Vaughan (1940) indicated that oral administration of fluids during the 
acute phase of recovery from severe hemorrhage is not of material as- 
sistance to the organism as far as immediate restoration of blood pres- 
sure is concerned. Amounts of saline solution placed in the intestines of 
dogs did not restore blood pressure even though they were absorbed, 
while the same amounts of fluid given intravenously brought about dis- 
tinct improvement. Orojejunal feeding has recently been used by 
Bavdin, Stengel, and Prushankin (1940) as a means of controlling bypo- 
proteinemia in surgical patients. The importance of hypoproteinemia in 
ti reduction of nephrotic edema was demonstrated experimentally by 
16 ^ g 9 g 1931 ). In the first publication he stated what is now 

Leitei ’ . , (j ia t “edema usually begins when the plasma 
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the intravenous administration of fluids is the best method. The new 
cellophane intravenous set developed by Hartman (1940) may solve some 
of the problems of administration of fluids and prevention of the re- 
actions therefrom. The technique of fluid administration was presented 
by Gallie and Harris (1930). 

Intramuscular Fluids . — The intramuscular injection of fluids has 
been used by Billimoria and Dunlop (1940) in the Department of 
Surgery at the British Postgraduate Medical School. The needle is in- 
serted in the lateral surface of the thigh and usually normal saline solu- 
tion or 5 per cent glucose in amounts up to 5 liters in one day is given. 
In more than twelve years’ experience no instance of infection has oc- 
curred. 

Proctoclysis . — This method is too uncertain and too slow for use in 
serious shock cases. Furthermore, Pernsse (1932) has shown that, while 
proctoclysis is useful for water administration, crystalloids are not well 
absorbed, the use of 1 per cent, glucose (thus definitely hypotonic) being 
the best substance to give in this manner. 

Temperature of Injected Solutions . — The popular idea that intrave- 
nous solutions should be warmed to body temperature probably ori- 
ginated from data observed before the importance of pyrogens was dis- 
covered (1923). More recently, De Go win, Hardin, and Swanson (1940) 
have concluded that with blood, at least, it is safer not to prewarm, and 
that any parenteral fluids are just as safe at room temperature as when 
prewanned. 

Intra-Arterial Injections . — Dams (1937) reported good results in the 
treatment of experimental shock with the intra-arterial injection of 
hypertonic solutions. The intra-arterial injection of 5 to 10 e.e. of a 
hypertonic solution resulted in an elevation of the systolic blood pressure 
from 10 to 50 mm. Hg, this pressor response lasting from one to three 
hours. The arteries used were the femoral or brachial. Twenty-five per 
cent gum acacia was the most effective solution; whereas, 30 per cent 
"uni acacia was one of the least effective. Control injections of isotonic 
sodium chloride did not increase the blood pressure. Intravenous injec- 
tions produced no pressor response nor did intra-arterial injections 
following spinal cord section. In fact, in shocked animals the depressor 
response to the intravenous injection of hypertonic solutions was quite 
striking and might have proved dangerous. Bilateral adrenalectomy 
did not completely abolish the response. The response was believed to be 
nervous in origin. At first it was thought that removal of fluid from 
traumatized areas might be responsible for the pressor rise, but later it 
was shown that this was too slight to be a major factor. Davis concluded 
that: “Intra-arterial administration of hypertonic solutions is of 
value, inasmuch as the elevation of blood pressure is accompanied by a 
more adequate blood flow to the vasomotor and respiratory centers as 



m 


SURGERY 


evidenced by the disappearance of Traube-IIering waves and dyspneic 
respirations.” At tiiis time Davis suggested this method for possible 
clinical trial, cautioning that his own experimental work was still in 
progress. Kendrick and Wakim (1939) corroborated the findings of 
Davis and his co-workers on the immediate beneficial effects of intra- 
arterial hypertonic saline injection. The permanent effects were harm- 
ful, however, and “death appeared to be hastened rather than delayed 
by the injections.” Kendrick (1939) found that with 5 per cent glucose 
even the temporary benefits were greater after intravenous administra- 
tion. 

Intravenous Amino Acids. — Although these may he of little value in 
the treatment of shock, they may he of marked prophylactic value in 
hypoproteinemic eases, according to Elman and Weiner (1939). As 
Elman (1940) lias shown, an average-sized blood transfusion contains 
only about 17 6m. of plasma proteins and thus even several transfusions 
can hardly maintain protein balance, let alone restore a deficiency. 
Elman reported excellent results in most of a series of twenty-five 
patients treated with hydrolyzed casein which contains all of the eleven 
essential amino acids. Jejunal feeding has also been used to restore the 
plasma proteins. In another paper (1940) Elman pointed out that, since 
the serum globulin concentration and relative red cell volume both 
decreased following experimental intravenous injection of enzymic 
hydrolysate of casein, they were led to infer that the increase in serum 
albumin concentration was due to a regeneration. 

Recent Experimental 1 York. — The work of Stanbury, Warweg, and 
Amberson (1936) on total plasmapheresis is of great interest. They 
found that the blood plasma could be almost totally removed from the 
blood vessels of eats and dogs, without injury to the animals, if the 
normal blood is replaced by a solution of 6 per cent gum acacia in 
Kinger-Locke solution in which are suspended washed red cells of the 
same species (30 to 40 per cent). This substitution was accomplished 
by alternate bleeding from and injection into the carotid artery. The 
plasma proteins could thus be reduced to the very low level of 0.05 to 
0 15 per cent. No signs of shock or of capillary dilatation or edema 
appeared after such “total” plasmapheresis. The blood pressure was 
maintained and some animals recovered and lived for indefinite periods. 
These' authors concluded that the plasma proteins hare only a physical 
f .notion Further studies of total plasmapheresis in clogs were made 
by Etteldorf, Mitchell, and Amberson (1937). 

„, w observations are hardly more interesting than those of Ambor- 

1 i bis associates Flexner, Steggcrda, Mulder, Tendler, Pankratz, 
son anc ‘ Engel (1934). These authors replaced blood with 

Laug, ^ ® s ’ solu t; on and, while the animals did not survive 
hemoglobin- = lived twenty-four to thirty-six hours. Such animals, 

permanently, tnej 
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even though they can move around, seem dazed mentally and will neither 
eat nor drink. Death seems to result because the kidneys are permeable 
to the solution and it. eventually is excreted. But that these animals 
can exist at all with no signs of shock with a red count of about 100,000 
is indeed remai'kable. 

The authors conclude: “The experiments throw light upon the signif- 
icance of the mammalian red corpuscles. These are important (1) in 
maintaining hemoglobin in the reduced state, electrochemically speaking, 
and (2) in holding it within membranes impermeable to it so that it 
cannot leave the blood stream.” 

Other experiments indicated an almost normal oxygen consumption 
of these practically “erythrocyte-free” animals. All of these results are 
summarized in Amberson 's extensive review of blood substitutes (1937). 
His observations are of great theoretical interest, but, in addition, have 
valuable implications concerning shock and its treatment. 

The fluids that are available for intravenous use are included in the 
following list : 

a. Water 

b. Crystalloids, saline crystalloids (normal salt solution, 

Ringer’s solution, Locke’s solution), glucose 

c. Acacia 

d. Ascitic fluid 

e. Whole blood (also red cell concentrate and hemoglobin- 

Ringer solution) 

f. Plasma 

With the exception that the use of ascitic fluid is still in the experi- 
mental stage, these six types of fluid are listed in approximate reverse 
order of preference. In discussing the relative inefficiency of crystalloids 
in the treatment of shock due to hemorrhage. Buttle, Kekwick, and 
Schweitzer (1940) concluded that plasma is the only effective blood 
substitute, at least so far as their experiments on cats were concerned. 
The other substitute solutions they placed in the following descending 
order of value: serum, hemoglobin-Ringer, gum-saline, red cells in 
crystalloid solution, isotonic saline, isotonic glucose. 

a. 11 (tier . — The prevention of dehydration in sui’gical patients is im- 
portant in preventing shock. The import ant studies of Coller and Had- 
dock and their associates are of prime importance in this regard. Not 
only arc these studies of interest from the prognostic standpoint, but 
they have led to a more adequate conception of the fate of crystalloid 
solutions in the body. In this regard papers include those of Hiller and 
Poindexter (1932); Harriott and Kekwick (1937); Coller. Bartlett. 
Bingham. Haddock, and Pedersen (193S); Bartlett. Bingham, and 
Pedersen (1938); Winslow (1938); Bartlett (1939); Fuge and Hogg 
(1938); Nelson (1939); Klkinton. Giimour. and Wolff (1939); Drew, 


466 


SURGERY 


Scuddcr, and Papps (1940); King (1940); Emhardt (1940) ; Lands, 
Cutting, and Larson (1940); and Maddock and Coller (1940). Walter 
(1940) discussed the proper preparation of parenteral fluids so as to 
eliminate pyrogens. 

The importance of dehydration as a factor in secondary shock was 
stressed by MacFee and Baldridge (1934), who presented data on in- 
fusions of saline solution and the effect on shock. Fuge and Hogg (1938) 
have also studied the question of postoperative fluid balance. They 
found that in a series of twelve surgical patients t he average insensible 
fluid loss per day was 1,460 Gm. with extremes of 1,150 and 1,830 Gm. 
per day. The insensible loss for all eases averaged 39 per cent of the 
total output. It seemed to vary more with the size of the patient than 
with the type or extent of the operative procedure. Latimer (1939) has 
recently summarized the work of others on water balance and added 
a practical working scheme of his own. The importance of such a plan 
in the pre- and postoperative period will go far in the prophylaxis 
against shock. Recent reviews of the subject also include those of Mason 
andHellbaum (1938) and Darrow (1940). 

The work of Cutting and Koppanyi (1938) and of Cutting, Larson, 
and Lands (1939) is of interest in showing how large amounts of fluid 
can be tolerated by normal animals. Using eats they found that the 
following doses were tolerated : 


Normal saline 


5 per cent glucose 


5.1 c.e. per minute per kilogram 
706 c.e. total per kilogram 

— 350 c.e. per minute or 50 L. total 
in 2% hr. for average-sized 
man 

4.2 c.c. per minute per kilogram 
4G5 c.c. total per kilogram 


Swingle, Parkins, Taylor, and Hays (1937) showed that considerably 
less than this amount of fluid, when given in the form of distilled 
water, would lead to death in dogs. 

b. Crystalloids, Salt Solution, and Glucose Solution. — The reports of 
Hoitink (1935, 193S), of Utrecht, Holland, are almost solitary in favor- 
in" crystalloid solutions over blood transfusion. He found in his ex- 
periments that none of the infusion liquids gave better results than 
0 9 per cent sodium chloride solution. He concluded that after an acute 
dangerous hemorrhage its use is “preferable to the use of other artificial 
blood substitutes and to blood transfusion. 

A reful perusal of Hoitink s papers reveals the following important 
. \ Ca T T 0 Uoes not state how rapidly the blood was withdrawn, except 
fact s ta ken from the carotid artery hv means of a large 

to say 13 ‘ n() ine nti on of the removal being intermittent. So 

cannula, an ‘ dealing with a rapid hemorrhage. The 

it may be assumed that nc 
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quantity of the hemorrhage was large, averaging 5.6 per cent body 
weight. As to the interval before injection of the blood substitute, his 
only remark is that it is done “shortly afterward.'' Thus, this author 
was dealing 114111 cases of hemorrhage pure and simple which may have 
been so sudden that there was no time for the irreversible vascular wall 
changes of shock to occur. In such a case even the advocates of the 
generalized capillary permeability theory of shock would not expect such 
an increased permeability. 'With the noi’mal saline solution to preserve 
the blood volume and pressure, such animals should remain alive almost 
as well as patients with marked chronic anemia. Experiments such a‘s 
Hoitink’s may be, therefore, an example of the danger of applying ideas 
obtained from hemorrhage experiments to shock treatment. Hemorrhage 
that has been allowed to remain untreated so long that shock is present 
is, of course, a different matter. Simultaneously with Hoitink’s report, 
Konrieh (1935) arrived at exactly the opposite conclusion on the same 
material, finding that sodium chloride solution is inferior to all others. 
Neuwelt, Neeheles, and Levinson (1940) also found experimentally that 
whole blood or plasma was markedly superior to saline solution in 
treating shock. 

Despite these objections, salt solution has some place in shock treat- 
ment when one remembers its limitations. Lamb (1910) advised in- 
travenous saline solution with the head of the patient lowered. Pilcher 
and Sollmann (1914) had early shown that saline infusions give an in- 
creased tone to the vasomotor center, both before and after hemorrhage. 
Cutter (1936) presented data on the effects of large volume intravenous 
injections, and Cutting, Lands, and Larson (193S) studied massive 
saline infusions experimentally. The dangers of giving isotonic crystal- 
loid solutions too rapidly have been worked out in considerable detail by 
Cilligan, Altschulo, and Yolk (1938) and by Gilligan, Altsehule, and 
Linenthal (193S). Scudder (1940) believes that saline solution has 
another virtue: The contained sodium relaxes the smooth muscle of the 
constricted arteriosles. The relaxing effect of salt on constricted vessels 
was first shown by Roy (1884). 

Hypertonic Solutions: These have long been advised because it was 


thought that their viscosity more nearly resembled plasma and because 
of their osmotic action. Both of these virtues are apt to be evils at the 
same time and in dehydration hypertonic solutions may increase the 
hlood volume at the expense of the all-important cell water. Murphy, 
t orrell, and Grill (1941) in studying the effects of intravenous solu- 
tions in patients with and without cardiovascular defects observed dan- 
gerous reactions after the use of 50 per cent glucose solution. 


Glucose: Except as a nutriment and protection for the liver, glucose 
seems to have little advantage over salt solutions in shock treatment. 
Ihe value of intravenous glucose injections in shock was shown hv 
Erlangcr and Woodyatt (1917). 
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Banger of Excess Use of Crystalloid Solutions: This aspect of the 
treatment of shock has received considerable attention of late, but the 
series of six articles published by Blalock and his associates in 1932 and 
1933 remains the most complete exposition of the subject. Beard and 
Blalock (1932) studied the composition of the blood during continuous 
trauma to the intestines when no fluid was injected and when fluid was 
injected continuously. They found a great decrease in the absolute 
value of total plasma protein in circulation following injection of normal 
salt or glucose solution, while blood did not give this effect. Blalock, 
Beard, and Thuss (1932) obtained similar results in dogs in which the 
blood pressure was low for unexplained reasons. They even found, when 
whole blood or serum was injected, if deductions were made for the 
protein present, in that injected -whole blood or serum a great decrease in 
the absolute amount of plasma protein was found. The findings of 
Beard, Wilson, Weinstein, and Blalock (1932) and of Blalock and 
Beard (1932) on saline injections in experiments on trauma, graded 
hemorrhages, histamine injection, and spinal anesthesia were essentially 
the same. 

Beard, Wilson, and Blalock (1933) found that, in the presence of low 
blood pressure produced by histamine or graded hemorrhage, subcu- 
taneous or intraperitoneal normal saline solution would produce a de- 
crease in the absolute amount of plasma protein. On the other hand, 
similar saline solution introduced by stomach tube produced no such 
effect. Blalock, Wilson, Weinstein, and Beard (1933) found that the 
introduction of pituitary solution or epinephrine did not prevent the loss 
of protein from the circulation in cases where normal saline solution 
was administered intravenously. 

These ideas were extended by other writers. Horsley (1934) noted 
that normal salt solution escapes readily from the vessels in shock. 
Davis (1936, 1937) also showed that crystalloid solutions may be harm- 
ful in certain eases of shock. 

In this regard it is interesting that Krogli stated (1922) in his well- 
known monograph on the Anatomy and Physiology of Capillaries: 
“Injections of isotonic and hypertonic solutions of various crystalloids 
have been exhaustively tried, but found to be useless, and it is easy to 
sec that in cases where the permeability of the capillary wall is increased, 

such solutions must leave the circulation very rapidly.” 

Hepler and Simonds (1938) performed other experiments indicating 
. 'id loss of crystalloid solutions injected during shock. Shock 
t ie 1 Educed by impounding the blood in the liver and intestinal tract 
waS 15 f tempovarv hepatic vein ligation. Injection of normal saline 

by means or 

lantities up to somewhat more than the estimated initial 
solution m 9 . , cc( j a r j sc j n systemic pressure during the injection, 
blood vo nine .,] n iost to the previous low level within from one to 

but. the pressure injection was stopped. They concluded: “The 

three minutes auu 
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rate of fall in blood pressure and reduction in blood volume after injec- 
tion of salt solution under the conditions of these experiments indicates 
the rapidity with which fluid escapes from the circulating blood. 1 ’ At 
another point they stated “the use of such fluids is definitely contra- 
indicated in shock.” In their dogs, which received a large injection of 
saline solution, a surprising amount of fluid was found to have escaped 
into the lumen of the stomach and into the gastric submucosa. 

c. Acacia. — Good, Mugrage, and Weiskittel (1934) stated: “Acacia 
is the dried gummy exudate of the stems and branches of Acacia Senegal 
or of some of the other species of Acaeia. It is an inei’t polysaccharide of 
high molecular weight having an acid nucleus. It is related to the 
dextrins, glycogen, starch and cellulose. Like the latter it is amorphous, 
odorless, translucent, and on hydrolysis yields one or more sugars, gen- 
erally pentoses and hexoses.” The viscosity of a 6 per cent solution 
is much the same as plasma. The solution is somewhat acid. Analysis 
shows 0.5 per cent total nitrogen, which may explain some of the 
anaphylactoid reactions observed. 

Use of colloid solutions intravenously was first made by Czerny (1894) , 
who infused protein and acaeia solutions into experimental animals. 
Hogan (1915) made the first clinical use of these substances, injecting 
2.5 per cent gelatin solution. Gum acacia was first used clinically by 
Hurwitz (1917), who, stimulated by Hogan’s (1915) earlier use of 
gelatin-saline solution, successfully treated the first cases in San Fran- 
cisco in 1916. Soon, largely because of the interest of Bayliss, gum 
acaeia was used extensively at the Western Front. The Base Hygiene 
Laboratory of the B.E.F. at Boulogne was soon producing 75 liters of 
sterile gum solutions daily (Telfer, 1919). Lack of experience with 
proper preparation caused some failures. For a discussion of the early 
development of this solution the reader is referred to the almost incom- 
parable review by Amberson of blood substitutes (1937). 

Following its use in World War I, acacia enjoyed wide popularity, 
especially in Great Britain and at the Mayo Clinic. White and Erlanger 
(1920) used it experimentally. Hancock (193S) favored it. Tui, 
Schrift. and Ruggiero (1939) showed that most of the toxic reactions of 
acaeia may be due to contained pyrogen. The use of acacia in war has 
been recently reviewed in correspondence (1939) in the Journal of the 
American Medical Association. 

Maytum (1932) reported that in a series of approximately 3,000 intra- 
venous injections of acacia solution given at the Mayo Clinic, only one 
anaphylactoid reaction occurred. This was in the only patient in whom 
multiple injections were separated by a long enough interval to develop 
hy pci-sensitiveness. In experiments on nineteen sensitized guinea pigs, 
seven developed severe anaphylaxis with two deaths. It was concluded 
that acacia is a mild antigen, and that under rare circumstances a patient 
may exhibit anaphylactic symptoms when a previous dose has been ad- 
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ministered some weeks or months before. It seems from this work of 
Maytum s that acacia should never be given longer than a week after 
tlie last previous and possibly sensitizing dose. 

ood and Mugiage (1934) analyzed the results of administration of 
acacia to 111 patients in three private hospitals, 53 per cent of these 
pa mi s eing suigical. Most of the others suffered traumatic injuries 
s lock aftei 3 up fined ectopic pregnancy, etc. The dosage of acacia 

' r'on /- 10111 c - e - ail d 77 patients survived, a mortality rate 

o . pei cent. Twenty-four of the patients who recovered and 6 of 
lose, v 10 died. received blood transfusions in addition to the acacia, 
cacia a oile raised the systolic blood pressure an average of 35.5 nun. 
_ ^ le 311311,33133133 rise w r as 12 mm. and the maximum rise 70 mm. Hg. 
n most cases the pulse rate after the injection of the gum acacia solu- 
tion was lowered 10 to 20 beats per minute. In 4 instances the rate was 
ournied 40 to o5 beats per minute; in 8 there was no change. There were 
no true anaphylactic reactions, although minor disturbances, including 
vomiting, headache, or chills, occurred in 11.7 per cent of the cases. 
None of the deaths in the entire series could be attributed directly to 
either the gum acacia or blood transfusions. 

Good and Mugrage concluded: “A colloidal solution like 6 per cent 
gum acacia solution is preferred to any of the crystalloidal solutions 
for laising and maintaining the low blood pressure of surgical shock. 

It is safe, ready, and inexpensive.” 

A very adverse report on the use of acacia comes from the University 
of Iowa, where Dick, Warweg, and Anderseh (1935) found bad results 
attending its use in cases of nephrosis. While these conclusions may 
not be entirely applicable to other conditions, the extensive acacia de- 
posits found in the liver and also in the bone marrow, lymph nodes, 
lungs, kidneys, and spleen would tend to make one cautious in using 
large amounts of acacia. Furthermore, once acacia has been given, blood 
counts and blood typing become difficult. Christie, Pliatalc, and Olney 
(1935), in studying the effect of acacia on the physical-chemical prop- 
erties of the blood, found that it not only led to a decreased hemoglobin, 
but coated the red cells and interfered with their respiration. The 
effect of this coating in preventing accurate cross-matching of blood 
for transfusion is well known. In such cases either a universal donor 
must be used or the blood drawn for testing before gum acacia admin- 


istration. 

Another unfavorable report was made by Studdiford (1937), who col- 
lected several adverse accounts from the literature as well as reports of 
several deaths following the use of gum acacia at Bellevue Hospital. 
Three of the latter cases formed a group with a syndrome characterized 
h r e mnosis dyspnea, tachycardia, and pulmonary edema. Autopsy was 
J , /rmed in 2 cases and 1 of these showed an extensive destructive 
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lesion of the liver. In all, 6 serious reactions with 4 deaths occurred in 
the Bellevue series of 56 patients receiving gum acacia. Studdiford con- 
cluded that acacia may result in serious liver damage and also tends 
to cause serious disturbances of the erythrocytes, interfering with nor- 
mal gaseous exchange, increasing the tendency to rouleaux formation, 
accelerating the sedimentation rate, and causing a conglutination of the 
red cells with the possibility of capillary blockage. 

He concluded: “Hemorrhage and shock can be treated more safely 
by the use of the simpler saline or glucose infusions in combination with 
transfusion. The possibility for harm is less than with acacia solution. 
The only indication for the use of acacia solution intravenously in the 
treatment of shock and hemorrhage is as a last resort when transfusion 
is unavailable.” 

Not only is the danger of acute liver damage an important one, but 
the possibility of chronic acacia deposition is to be considered. Dick, 
Warweg, and Andersch (1935), as mentioned above, reported finding a 
considerable amount of acacia in the liver of a child dying some time 
after infusion. 

It is definitely recognized that these maltoward reactions are much 
more apt to occur after using inferior or deteriorated samples of acacia, 
Bayllss (1922) stating that all reactions were due to faulty technique. 
The fact, however, that many of the most recent adverse reports concern 
reliable preparations properly administered causes one to question 
seriously the value of giving acacia except when blood is not available. 

Hall (193S) performed experiments, concluding: “Repeated intra- 
venous injections of gum acacia solution in dogs have resulted in evident 
damage for carbohydrate and serum protein metabolism functions of 
the liver. These changes were shown by glucose and galactose blood 
sugar tolerance curves and determinations of the plasma proteins. 
Alteration of the clotting mechanism of the blood, especially the lowered 
fibrinogen content, has resulted in failure to clot, or in formation of 
small, fragile and fibrous clots and in a longer bleeding time. The re- 
moval rate of bilirubin injected into the blood was unaffected.” 

Cattell and eo-workers (1939) opposed the use of acacia. Saslow 
(1939) found the colloid osmotic pressure of samples of 6 per cent acacia 
in 0.9 per cent sodium chloride to vary from 246 to 260 mm. H„0 at 
20° This closely approximates the average value for human serum 
of protein concentration ranging between 6 and 8 per cent which was 
276 mm. ILO. 

Recent observations of Kendrick, Keeton, and Foley (193S) showed 
that, when an amount of 12 per cent acacia solution in 0.S5 per cent 
sodium chloride approximating the plasma volume is injected in dogs, 
there is an immediate increase in blood volume (22 to 30 per cent) 
and a decrease in the scrum proteins. The value for scrum acacia plus 
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ministeied some weeks or months before. It seems from this work of 
Maytiun s that acacia should never be given longer than a week after 
the last previous and possibly sensitizing dose. 

Good and Mugrage (39 34) analyzed the results of administration of 
acacia to 111 patients in three private hospitals, 53 per cent of these 
patients being surgical. Most of the others suffered traumatic injuries 
or shock after ruptured ectopic pregnancy, etc. The dosage of acacia 
varied from 100 to 1,700 e.c. and 77 patients survived, a mortality rate 
of 30.6 per cent. Twenty -four of the patients who recovered and 6 of 
those who died received blood transfusions in addition to the acacia. 
Acacia alone raised the systolic blood pressure an average of 35.5 nun. 
Ilg. The minimum rise was 12 mm. and the maximum rise 70 mm. He- 
In most cases the pulse rate after the injection of the gum acacia solu- 
tion was lowered 10 to 20 beats per minute. In 4 instances the rate was 
lowered 40 to 55 beats per minute; in 8 there was no change. There were 
no true anaphylactic reactions, although minor disturbances, including 
vomiting, headache, or chills, occurred in 11.7 per cent of the cases. 
None of the deaths in the entire series could he attributed directly to 
either the gum acacia or blood transfusions. 

Good and Mugrage concluded: “A colloidal solution like 6 per cent 
gum acacia solution is preferred to any of the crystalloidal solutions 
for raising and maintaining the low blood pressure of surgical shock. 
It is safe, readj r , and inexpensive. ’ ’ 

A very adverse report on the use of acacia comes from the University 
of Iowa, where Dick, Warweg, and Anderseli (1935) found bad results 
attending its use in cases of nephrosis. While these conclusions may 
not be entirely applicable to other conditions, the extensive acacia de- 
posits found in the liver and also in the bone marrow, Ijunpli nodes, 
lungs, kidneys, and spleen would tend to make one cautious in using 
large amounts of acacia. Furthermore, once acacia has been given, blood 
counts and blood typing become difficult. Christie, Phatak, and Oiney 
(1935), in studying the effect of acacia on the physical-chemical prop- 
erties of the blood, found that it not only led to a decreased hemoglobin, 
but coated the red cells and interfered with their respiration. The 
effect of this coating in preventing accurate cross-matching of blood 
for transfusion is well known. In such cases either a universal donor 
must be used or the blood drawn for testing before gum acacia admin- 
istration. 

Another unfavorable report was made by Studdiford (1937), who col- 
t d several adverse accounts from the literature as well as reports of 
eC _ C . j eat | is flowing the use of gum acacia at Bellevue Hospital, 
smera eases formed a group with a syndrome characterized 

Three o - a tachycardia, and pulmonary edema. Autopsy was 

by cyanosis, ’ j j of these showed an extensive destructive 

performed in 2 cases ana 
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points will be mentioned here. I must partially disagree with one state- 
ment in Yarv's excellent article where the latter says that cadaver blood 
found wide usage in Moscow until 1936 when placental blood began to 
be used. When I visited Moscow in June, 1939, cadaver blood was still 
widely used, at least in the Institute Sklifassovsky (Central Emergency 
Hospital). The excellent review of Amberson on blood substitutes 
(1937) should also v be consulted. Other excellent reviews of the use 
of blood transfusion are those of Lewisohn (1934), Fell (1938), Tuohy 
(1938), Grimberg (1939) (use in France), and DeKleine (1938) (use 
by Red Cross) . The advantages of transfusions in pneumonia have been 
renewed recently by Whitaker (1939), who makes a point that the 
danger of overloading the heart has been grossly exaggerated. 

Heister (1750) suggested blood transfusions as a treatment in shock 
cases. John Hunter also suggested their use. Crile (1910) advised 
blood transfusions by the direct method in the treatment of shock. Over 
twenty-two years ago Blem, of Los Angeles, used to carry eitrated blood 
to places over seventy miles away from that city, this being the first ap- 
plication of the stored-blood principle. Transfusions have been es- 
pecially useful in preventing shock after neurosurgical operations, as 
reported by Bird (1929) and other authors. Transfusions have been 
favored by numerous writers, such as Orr (1934). W. Hunter (1935, 
1937), Hume (1938), and Hamilton-Pat erson (1939), to mention only 
a few. Another solution used by Hunter (1935), of Newcastle, had 
the following composition: ephedrine hydrochloride, 0.060 Gm. ; glu- 
cose. 30 Gm. (or 5 per cent) ; gum acacia, 35 Gm. (or 6 per cent) ; and 
distilled water, to one pint. Hunter (1937) wrote considerable con- 
cerning the use of blood transfusions in obstetric shock. The increas- 
ingly important role of transfusions is shown by their popularity. At 
the Mayo Clinic in 1937, the number of transfusions was 2,805, and of 
these 36 were 1,000 e.c. or more. In contrast to these figures, during 
the twenty-two-year period, 1916-1937. a total of 22,937 transfusions 
was given, an average of a little over 1,000 a year. In 1938, 3,295 trans- 
fusions were given, and in 1939, 3.723 (Lundy, Tuohy, Adams. Mousel, 
and Seldon, 1940). 

Various innovations in the technique of transfusions are numerous. 
The use of nu(n(ransf union in the treatment of a wound of the heart by 
Watson and Watson (1936), of Pittsburgh, is an example in kind. 
These authors also collected all cases of autotransfusion for various con- 
flit ions from American literature, finding 272 such eases and adding 2 
of their own. Nonfatal reactions were reported in 9 cases (3.3 per 
rent) and death in 4 (1.5 per cent). The Watsons believed that, the 
possibility of using heinolvzed blood is t lie chief danger rather than bac- 
terial contamination. The technique of obtaining and administering 
blood as used in wartime hospitals in Great Britain has been presented 
by Stewart (1940), of the Royal Infirmary of Edinburgh. 
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protein about, equals the original value for serum protein. After re- 
peated injections, the acacia is progressively deposited in the liver as 
shown by periodic biopsies, gradual increase in liver size, and tissue 
analyses. In one animal the liver was five times normal size, and of 
the 756 Cfin. injected, 450 (58.S per cent) were recovered from the liver. 
These authors concluded that the diminution of serum proteins is not to 
be regarded as an index of failure of the proteogenic function of the 
liver, but rather as due to a displacement of the proteins by the acacia. 

In conclusion it seems that, while acacia may be of benefit, there aie 
other more perfect blood substitutes. Plasma has almost the portability 
and storability of acacia without its side reactions. 

d. Ascitic Fluid . — Davis and White (193 S) used human ascitic fluid 
in the treatment of experimental secondary shock. This work was re- 
viewed in the current comment of the Journal of the American Medical 


Association for the same .year. Choisser and Ramsey (193S) also per- 
formed experiments on the irse of ascitic fluid. They produced shoev 
in dogs by trauma, hemorrhage, or a combination of the two, and tr eatec 
it with human ascitic fluid. Although they called the shock they pro 
dirced "primary, ” this really makes little difference, as they apparent y 
were dealing with what most other workers call ‘ secondary shoe >■ 
Nineteen specimens of ascitic fluid were used, the majority of which " eI c 
obtained from human cases of advanced portal cirrhosis. These authors 
stated that this fluid varied in proteirr content from 2.1 to 4.2 mg. per 
cent. They probably meant grams per cent. All fluids were form o 
be not only sterile but bacteriostatic. Favorable results were obtained 
only when fluids devoid of agglutinins were used. The effect on shoe v 
was immediate and prolonged. The amount of blood pressure rise was 
much the same as that obtained with whole blood. In a more reecn 
paper Choisser and Ramsey (1939) reported that ascitic fluic cou c 
be freed of agglutinins and rendered safe for intravenous use m re ie 
of experimental shock in dogs, without necessity for preliminary cross- 
matching. They accomplished this by a process of electrodiahsis, « .1 - 
mint of pH, and subsequent Berkefeld filtration. 

More recently Mulder, Davis, and Streeter (1939) have apphed the 
, - P ie principle to ascitic fluid. The dried ascitic fluid red.ssolvcd 
■ V ° P ri <md was used in various concentrations, usually about two an 
tr*” origi^l. Cross-agglutination tesla ™ use an 
0nG -a administered experimentally to dogs which were in shock ns « 
the fluid < an imals usually recovered with return to norma 

It d oxygon consumption. T„c plasma 1— 
of the bloo P type of therapy has not been applied 

fell temporarily. IiU > 


man beings. Transfusions.— The entire history and present 
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this conception so that it would he more commonly considered advisable 
in doing a transfusion to administer that amount of blood, whether 
it is 250 c.c., 500 c.c., 750 e.e., 1,500 or 2,000 c.c., so that the patient 
may be adequately provided with blood. ’ ’ 

I would like to paraphrase freely a portion of the above quotation: 
“A standard pint transfusion is chosen more to fit the donor than the 
patient ; an ideal adequate transfusion should be chosen to fit the patient 
and several donors should be used when necessary.” 

Lundy and associates (1938) also stated that “the results that have 
been obtained with the so-called massive transfusion in certain instances 
have been dramatic.” They, however, believe that Marriott and Kek- 
wick’s system is too elaborate and devised a modified method of inter- 
mittent small transfusions. McNealy (19-38) also deplored the “ritual- 
istic” use of always a pint transfusion. 

The reports of Marriott and Kekwiek (1935, 1936) arc of importance 
in that they pioneered in directing attention to the necessity for fitting 
the size of the transfusion to the needs of the patient. Using a visible 
drip with citrated blood, they avoided settling of the cells by bubbling 
a slow stream of oxygen through the suspended donor flask. Their cases 
included bleeding peptic ulcers to a large extent and they gave blood 
at a usual rate of forty drops per minute (130 c.c. an hour) until the 
anemia was controlled. The following data concerning the eighty-seven 
di’ip transfusions carried out by them at the Middlesex Hospital, London, 
during 1935 may be of interest : 


Total number of transfusions 
Total volume of blood drip transfused 
(excluding citrate) 

Total duration of tliesc transfusions 
Average drip transfusion 
Average duration of each drip transfusion 
Largest single transfusion 
Longest single transfusion 


ST 

233.5 L. 

2,545 hr. 

2.7 L. (= 5 pt.) 
29 hr. 

*5.3 L. (= 11 pt.) 
G2 hr. 


In an editorial DeBakey (1938), of Ochsner’s clinic, opposed the sug- 
gestion of Marriott and Ivekwick concerning continuous drip trans- 
fusions. A closer perusal of this editorial indicates, however, that De- 
Bakey merely opposed citrate transfusions in general. He favored 
large transfusions when necessary and has given as much as 7 liters of 
unmodified blood in three or four days. He practically denies the pos- 
sibility of “speed shock and lias transfused “not infrequently” as 
much as 650 c.c. in three minutes. 

Stored Wood. The “ Blood Haul;”: Burecva (1935) described the 
blood bank system in Leningrad at the Research Institute for Blood 
Transfusion under the leadership of (the late?) Prof. E. Hesse As 
Fantas (193S) pointed out, the idea of calling a blood collection a blood 
hank and making it function like a blood bank originated at the Cook 
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Transfusion Reactions: Seed (193S) reported an incidence of 6.76 
per cent reactions following the use of 1,196 transfusions of preserved 
blood. These could be separated as follows: 


Immediate reactions (xvithin 30 min.) 34 %, 

Delayed reactions 49 % 

Jaundice reactions H% 

Urticaria reactions 6 % 


In about 5,000 transfusions at the Cook County Hospital 3 deaths 
occurred. Fell (193S) reported an incidence of 11.6 per cent reactions 
following the use of fresh blood in 500 transfusions at the Presbyterian 
Hospital, Chicago. No deaths occurred, but in another Chicago hospi- 
tal 6 deaths followed 525 transfusions. 

Watson and Sanders (1941) of Memphis pointed out that then 
transfusion reaction rate in a series of 1,600 transfusions had markedly 
decreased in the past few years. From 1926 to 1935 the reaction rate 
per transfusion was 17 per cent, while from 1935 to 1940 it vas 
per cent. Seldon (1941) of the Mayo Clinic has recently described a 
device for warming cold refrigerated blood. Stetson (1940) in ns 
recent review of blood transfusion opposes the use of preserved blooc . 
To prevent the occasional occurrence of urinary suppression a tei 
intravascular hemolysis following blood transfusion, Bushbj, Halt, 
Kekwick, and Whitby (1940) of the British Army. Blood Transfusion 
Service have several suggestions. These authors believe that suppression 
of urine in such cases is due to renal tubular obstruction with hemo- 
o-lobin products. The conditions necessary for its prevention arc a 
hio-h urinary output of at least 1,500 c.c. per day and a constant urmar.v 
reaction of pH 6.4 or over. Fluids and alkalies by mouth or vein 


best fulfill these aims. 

Experimental studies have been made by II jin (1935) and Ivunz am 
Weber (1935). The Russian workers, Petrov, Filatov, Bogomolova, ana 
ettroikova: Wesselkin, Lindenbaum, and ICartasevskij ; and ilincm 
(1935) have studied the nature of hemolytic shock accompanying blood 
transfusion. They found an increase in the potassium content o 
recipient’s serum accompanying such reactions. 

Massive Transfusions ( Adequate Transfusions): It has long seen 

bat there is no more reason why every transfusion should be 
to me j nt than that everv diabetic patient should aluays 

standardized 1 A statcmcnt by Bundy, Tuohy, and Adams 

nS) from who^e report the above Mayo Clinic statistics were oh- 

(1933),! P c this view. These authors stated: 

tained, substan < ^ ^ ^ ^ diff(?ren , nie aning to some ol 

"Blood trans us n Previously because a donor could donate 

us than to the a«ra„ 1 ‘ result, 500 c.c. as a frnii.sfii.sinH 

500 c.c. of blood v ^ f( ,]j transfusion. We would like to change 

came to be considered •- • 
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this conception so that it would he more commonly considered advisable 
in doing a transfusion to administer that amount of blood, whether 
it is 250 c.c., 500 c.c., 750 c.c., 1,500 or 2,000 c.e., so that the patient 
may be adequately provided with blood.” 

I would like to paraphrase freely a portion of the above quotation: 
“A standard pint transfusion is chosen more to fit the donor than the 
patient ; an ideal adequate transfusion should be chosen to fit the patient 
and several donors should be used when necessary.” 

Lundy and associates (1938) also stated that “the results that have 
been obtained with the so-called massive transfusion in certain instances 
have been dramatic.” They, however, believe that Marriott and Kek- 
wick’s system is too elaborate and devised a modified method of inter- 
mittent small transfusions. McNealy (1938) also deplored the “ritual- 
istic” use of always a pint transfusion. 

The reports of Marriott and Ivekwiek (1935, 1936) are of importance 
in that they pioneered in directing attention to the necessity for fitting 
the size of the transfusion to the needs of the patient. Using a visible 
drip with citrated blood, they avoided settling of the cells by bubbling 
a slow stream of oxygen through the suspended donor flask. Their cases 
included bleeding peptic ulcers to a large extent and they gave blood 
at a usual rate of forty drops per minute (130 c.c. an hour) until the 
anemia was controlled. The following data concerning the eighty-seven 
drip transfusions carried out by them at the Middlesex Hospital, London, 
during 1935 may be of interest : 


Total number of transfusions 
Total volume of blood drip transfused 
(excluding citrate) 

Total duration of these transfusions 
Average drip transfusion 
Average duration of each drip transfusion 
Largest single transfusion 
Longest single transfusion 


S7 

233.5 L. 


2,545 hr. 

2.7 L. (~ 5 pt.) 
29 hr. 

<>.•’ L. ( = 11 pt. ) 
02 hr. 


In an editorial DeBakcy (193S), of Ochsner's clinic, opposed the sug- 
gestion of Marriott and Ivekwiek concerning continuous drip trans- 
fusions. A closer perusal of this editorial indicates, however, that De- 
Bakcy merely opposed citrate transfusions in general. He favored 
large transfusions \\ hen necessary and has given as much as 7 liters of 
unmodified blood in tlncc or tour days. He practically denies the pos- 
sibility of speed shock and lias transfused “not infrequently” as 
much as 650 c.e. in three minutes. 

Stored Blood. Tin “ Blood Bonh": Burceva (1935) described the 
blood bank system in Leningrad at the Research Institute for Blood 
Transfusion under the leadership of (the late?) Prof. E. Hesse. As 
hantus (19.1b) pointed out. the idea of calling a blood collection a blood 
hank and making ,l function like a blood bank originated at the Cook 
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Transfusion Reactions: Seed (1938) reported an incidence of 6.76 
per cent reactions following the use of 1,196 transfusions of preserved 
blood. These could be separated as follows : 


Immediate reactions (within 30 min.) 31% 

Delayed reactions 19% 

Jaundice reactions 11% 

Urticaria reactions 6% 


In about 5,000 transfusions at the Cook County Hospital 3 deaths 
occurred. Fell (1938) reported an incidence of 11.6 per cent reactions 
following the use of fresh blood in 500 transfusions at the Presbyterian 
.Hospital, Chicago. No deaths occurred, but in another Chicago hospi- 
tal 6 deaths followed 525 transfusions. 

Watson and Sanders (1941) of Memphis pointed out that theii 
transfusion reaction rate in a series of 1,600 transfusions had markedly 
decreased in the past few years. From 1926 to 1935 the reaction into 
per transfusion was 17 per cent, while from 1935 to 1940 it was — 
per cent. Seldon (1941) of the Mayo Clinic has recently described a 
device for warming cold refrigerated blood. Stetson (1940) in Ins 
recent review of blood transfusion opposes the use of preserved blooc . 
To prevent the occasional occurrence of urinary suppression aftei 
intravascular hemolysis following blood transfusion, Busliby, Hail, 
Kekwick, and Whitby (194 0) of the British Army. Blood Transfusion 
Service have several suggestions. These authors believe that suppression 
of urine in such cases is due to renal tubular obstruction with hemo 
,,'lobiii products. The conditions necessary for its prevention arc a 
hio-li urinary output of at least 1,500 c.c. per day and a constant uiinai' 
reaction of* pH 6.4 or over. Fluids and alkalies by mouth or vein 


best fulfill these aims. 

Experimental studies have been made by Iljin (1935) and Kunz anc 
Weber (1935). The Russian workers, Petrov, Filatov, Bogomolova, anc^ 
qtroikova: Wesselkin, Lindenbaum, and Kartasevski j ; and Mmccv 
H9351 have studied the nature of hemolytic shock accompanying b ooc 
transfusion. They found an increase in the potassium content o 10 
raiment’s serum accompanying such reactions. 

Massive Transfusions (Adequate Transfusions): It has long seeme< 
tint there is no more reason why every transfusion shou c • 
t0 "a" IVkI at a pint than that every diabetic patient should always 
standardize < ■ A st;ltcnu . nt , )y Lundy, Tuohy and Adams 

from whose report the above Mayo Clinic statistics wore ob- 
(i93S), 1 this view. These authors stated: 

tained, subs < < ( , ()in0 to Iiavc a different meaning to some ol 

“Blood trails i liers0 n Previously because a donor could donate 
us than to the avera* untoward result. 500 c.c. as a transfusion 
500 c.c. of blood ^ fu! j transfusion. We would like to <’ Jiarim 

came to be considered • 
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this conception so that it would be more commonly considered advisable 
in doing a transfusion to administer that amount of blood, whether 
it is 250 c.c., 500 c.e., 750 c.e., 1,500 or 2,000 c.e.. so that the patient 
may be adequately provided with blood.” 

I would like to paraphrase freely a portion of the above quotation: 
‘‘A standard pint transfusion is chosen more to fit the donor than the 
patient ; an ideal adequate transfusion should be chosen to fit the patient 
and several donors should be used when necessary.” 

Lundy and associates (1938) also stated that ‘‘the results that have 
been obtained with the so-called massive transfusion in certain instances 
have been dramatic.” They, however, believe that Marriott and Kek- 
wic-k's system is too elaborate and devised a modified method of inter- 
mittent small transfusions. McNealy (1938) also deplored the “ritual- 
istic” use of always a pint transfusion. 

The reports of Marriott and Kekwick (1935, 1936) are of importance 
in that they pioneered in directing attention to the necessity for fitting 
the size of the transfusion to the needs of the patient. Using a visible 
drip with eitrated blood, they avoided settling of the cells by bubbling 
a slow stream of oxygen through the suspended donor flask. Their cases 
included bleeding peptic ulcere to a large extent and they gave blood 
at a usual rate of forty drops per minute (130 c.c. an hour) until the 
anemia was controlled. The following data concerning the eighty-seven 
drip transfusions carried out by them at the Middlesex Hospital, London, 
during 1935 may be of interest : 


Total number of transfusions 
Total volume of blood drip transfused 
(excluding citrate) 

Total duration of these transfusions 
Average drip transfusion 
Average duration of each drip transfusion 
Largest single transfusion 
Longest single transfusion 


S7 

2?,?, .5 L. 

2.545 hr. 

2.7 L. (= 5 pt.) 
29 hr. 

<i..t L. ( = 11 pt.) 
02 hr. 


Itt an editorial DeBakcy (193S), of Ochsner's clinic, opposed the sug- 
gestion of Marriott and Kekwick concerning continuous drip trans- 
fusions. A closer perusal of this editorial indicates, however, that De- 
Bakey merely opposed citrate transfusions in general. He favored 
large transfusions when necessary and has given as much as 7 liters of 
unmodified blood in three or four days. He practically denies the pos- 
sibility of “speed shock" and has transfused “not infrequently” as 
much sis 650 c.e. in throe minutes. 

•Stored Blood. Thr “Blood Bank": Bureeva (1935) described the 
blood bank system in Leningrad at the Research Institute for Blood 
Transfusion under the leadership of (the late?) Prof. E. Hesse. As 
bant us (1038) pointed out. the idea of calling a blood collection a blood 
bank and making it function like a blood bank originated at the Cook 
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County Hospital in Chicago. The technique used at this institution has 
been described by Schirmer (1938). Exact details of blood preserva- 
tion technique and conduct of a blood bank are given by Fantus and 
Schirmer (1938). Blood banks are called blood depots in England. 

Levvisohn (1938) wrote opposing the method used at the Cook County 
Hospital. This author pointed out that by the technique used at that 
institution the patient does not receive pure blood, but blood diluted in 
equal parts with normal saline solution. He pointed out that such dilu- 
tion is entirely unnecessary and may diminish considerably the benefit 
obtained in many cases. Cotter and MacNeal (1938) advised buffering 
the sodium citrate solutions used for blood preservation with citric acid 
solution. The use of bank blood was discussed by Goldstein, Olsman, 
and Edlin (1939). Novak (1939) found experimentally that, with the 
possible exception of sulfanilamide, bacteriostatic drugs are not useful 


in blood preservation. 

Cameron and Ferguson (1939) have recently summarized their ex- 
periences with 1,000 transfusions from the blood bank of the Phila- 
delphia General Hospital. The blood is given undiluted, contrary to 
the Cook County Hospital practice. It is interesting that only 25 of 
1,123 deposits in the bank (2.2 per cent) were discarded because of age. 
The remaining 9S specimens were not used because of unsuitability 
(seropositive, 53; hemolyzed, 17; infected, 6; etc.). Discarding " as 
done at five weeks, but the demand, especially for the commoner blooc 
croups was so great that the average flask remained in the refrigerator 
only five days. A total of 7.4 per cent of the transfusions had reactions. 

De Gowin, Harris, and Plass (1939) studied the plasma potassium m 
stored blood, finding it to increase considerably. De Gowin, Hardin, an 
Harris (1940) studied the toxicity of blood with high plasma potassium 
when used for transfusion into human beings. They concluded t ia 
when Given slowly such blood was not toxic and that “the concentrations 
nf nlasma potassium encountered in blood stored for one month are no 
, -_ h enough to cause significant increases in the serum potassium of t 

k . . n ft i s of interest, however, that all of the recipients in the 

reerpr •• and associates had normal values before transfusion. 

STther this same conclusion as to the nontoxicity of high potassium 
^ 1 ld apply to patients already with high potassium levels is to be 

bl °° 4 /!? Socwin. Harris, and Plass (1940) ostendod Iter >*«» 
consider e • ive rev j e w of the use of preserved human blood, 

in their comp nnd P j ass (1940), of Iowa City, found that the 

pc Gowm, > s ’ o j ut j on giving the least hemolysis included: ten 

blood presen a i epn v0 ] umes 0 f 5.4 per cent anhydrous dextrose in 
volumes of b oo , ^ ^ ^ 2 p er cent diliydric sodium citrate in water, 

water, and tuo v° u ^ storafJCj j n t JH.s dextrose-citrate mixture 

At the end of a m onc -twenty-fifth to one-fiftieth as much as did 

had hemolyzed 011 > alonC or in citrate-saline mixtures, 

blood in citrate solut.o 
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Advantage of Glucose in Preserving Fluid: Numerous writers have 
found that glucose tends to preserve blood better than a simple inorganic 
solution. Kolmer and Howard (1940) found that blood is better pre- 
served by the addition of dextrose (modified Rous-Turner, 1917) or of 
dextrin (Maizels and Whittaker, 1939, 1940) than by plain citrate or the 
Moscow Institute of Hematology methods. Aylward, Mainwaring, and 
Wilkinson (1940) and Dubash, Clegg, and Vaughan (1940) also re- 
ported that citrate-glucose seemed to be the best preservative for blood, 
inhibiting, although not preventing, the increase in plasma potassium. 
Maizels and Whittaker (1940) working at the Emergency Blood Trans- 
fusion Center, Maidstone, England, advise a more dilute mixture than 
that suggested by De Gowin, Harris, and Plass (1940) (vide supra). 
They think their solution is more isotonic and use a solution of sodium 
chloride (0.5 per eent), sodium citrate (1.05 per cent), and glucose 
( 1.0 per cent) . 

Changes in Stored Blood: The interesting observations of Levine 
(1940) on the length of life of a transfused red cell in the recipient 
indicate one of the objections to the use of stored blood. Identifying 
the donor cells in the patient by means of the group specific factors M 
and N, he found that cells stored 3, 10, or 14 days survived for SO, 60, 
or 20 days, respectively, as compared with the survival time of 95 days 
for fresh cells. Two of the best recent reviews on the changes in stored 
blood ai'e those of Bull and Drew (1940) and of Scudder (1940). 

Mainwaring, Aylward, and Wilkinson (1940) found that the potas- 
sium content of plasma from two-week-old stored blood contained 116 
mg. per 100 c.c. This suggested to them, as it lias to others, the possi- 
bility of toxic reactions, and they advised early separation of the plasma 
from the blood and slow administration where high potassium plasma 
had to be used. The studies of the English workers, Downman, Oliver, 
and Young (1940) at the Emergency Blood Transfusion Depot, Sutton, 
also indicated an increase in potassium of stored blood. The blood was 
stored at 2 to 4° C. according to Medical Research Council specifications 
(one volume of blood to one-lialf volume of 1.05 per cent sodium citrate 
in 0.85 per eent sodium chloride). During the first week the plasma 
potassium concentration rose rapidly to between five to ten times the 
initial level; thereafter the rise was comparatively slow. The potassium 
catnc from the red cells, its liberation being quite independent of 
hemolysis. Macdonald and Stephen (1939) also discuss the changes 
in stored blood, especially the decrease in number of erythrocytes. 

Quick (1940) and Ziegler, Osterberg, and Hovig (1940) reported a 
decrease in the prothrombin content of preserved blood. While tills is 
of interest, it is not a serious deterrent to the use of preserved blood in 
shoek conditions. Warner, De Gowin. and Seegers (1940) also found a 
decrease in the prothrombin content of stored blood, the value reaching 
the at! per cent level at the end of about three weeks. Observations on 
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changes in human blood stored at 4° C. were made by Lipp and 
Hubbard (1940). 

Bate of Transfusion: Some aspects of this subject have already been 
described under the heading "Massive Transfusions.” In a more recent 
article Marriott and Kekwick (1940) stated: "In every transfusion the 
volume of blood to be administered and the rate of its administration 
should be matters of primary importance. The custom of giving a trans- 
fusion, meaning about a pint of blood in half an hour, is irrational and 
unsatisfactory. ’ ’ This particular article is devoted to a consideration of 
transfusion for the relief of anemia uncomplicated by hemorrhage, and 
for this purpose they advise adequate transfusions. Once the required 
rise of hemoglobin has been settled for any case, the volume of blood 
in cubic centimeters needed may be calculated as follows : 


% rise of Hb. required ^ . . , , , , . , . . „„ 

Jqq x Patient s normal blood volume m c.e. 

The blood volume may be roughly determined as 40 c.e. per pound body 
weight. 

Marriott and Kekwick again emphasized the importance of slow 
calibrated administration by the drip method that they advised five 
years ago (1935). In a series of massive transfusions to 177 adults, 67 
of whom were over 50 years of age and 35 over 60 years of age, almost 
all these patients showed no symptoms of cardiac embarrassment. The 
average volume of blood (exclusive of citrate) given in the 177 trans- 
fusions was 2,039 c.c. ; in 21 cases it was more than 3,000 c.c. All trans- 
fusions were given very slowly; the average duration was 27.1 hours, 
with an average rate of S4 c.c. per hour (since the average volume of 
citrated blood was 2,285 c.e.). The slight distress present in 5 cases 
quickly disappeared in 4. One of the advantages of slow administration 
is that, if cardiac failure does develop, there is adequate time to recog- 
nize it. The one death occurred when a transfusion was done in a 
private dwelling. These authors finally postulate that these slow trans- 
fusions for anemia allow time for the excess plasma to leave the blood 
stream. They advise that the rate not exceed fifty drops per minute for 
the average-sized man. 

It seems that this rate limit may be desirable in chronic anemia cases 
. . t advisable in acute shock or hemorrhage cases. If a patient has 
. , . . , -r,n 0 c . from a severed vessel, it seems hardly necessary to take 

• 1US ° S ’ t res torc that blood. Theoretically it would seem that the 
lime mu ^ blood or plasma has been lost the more rapidly may if 
more rapi prov jded such restoration is begun promptly. 

safel} r ]-ivick ( 1940 ) in a later note point, out that, while they 

Marriott an ve alicm j a with no marked decrease in blood volume 
believe that w c ro j n shock with lowered blood volume very 

slow transfusions arc nece. 
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rapid transfusions may be necessary. Thus, a pint may be given in 
fifteen minutes or the rate may be even faster in severe cases. 

Placental Blood: Fine, Alter, and Baptisti (1940) summarized their 
experiences ivitli the use of placental blood for transfusion at the Balti- 
more City Hospital. The use of such blood seemed theoretically at- 
tractive, but they concluded that it was impractical, chiefly because of 
contamination of a high percentage of specimens. 

Bed, Cell Infusion: While many articles have been written on the use 
of plasma, few have appeared on the subject, of cell infusion. One of 
these latter is the paper of Beumer and Schwartzer (1989) recommend- 
ing the use of plasma-free cells in anemia. The use of blood cell con- 
centrated suspension for anemia was also discussed by MacQuaide and 
Mollison (1940). 

17 emoglobhi'Binger Solution: While this is, strictly speaking, a 
crystalloid solution, it will be discussed at this point. The recent review 
of Fairley (1940) on the fate of extracorpuscnlar circulating hemoglobin 
in man is of interest as well as the work of Amberson (1937) in this 
connection. The use of hemoglobin-Ringer ’s solution clinically in four 
patients with anemia was reported by 0 ’Shaughnessy, Mansell, and 
Slome (1939). After preliminary alkalinization of the urine, amounts 
of GOO, 200, 250, and 1,000 c.c. of 5 per cent solution were given intra- 
venously hi an hour or less to the four patients respectively. 

Bcccnt Publications: Recent, papers on blood transfusion are many, 
especially in the British medical press. Reviews include those of Du 
Bois and co-workers (1940), Douglass (1940), Ravitcli (1940) on the 
technique of the blood bank in the Johns Hopkins Hospital, Wilson and 
Jamieson (1938), Bull and Drew (1940), and De Gowin and Hardin 
(1940) on preserved blood. Hammond’s recent (1940) remarks seem 
to be unique in easting doubt on the value of blood transfusion. 

The use of sulfanilamide as a preservative of stored blood was studied 
by Novak (1939) and Hunwicke (1940). The latter reported that the 
concentration suggested by Novak (1:5,000) was not adequate and ad- 
vised a 1:1,000 dilution. This higher dosage would mean 0.5 Gm. of 
sulfanilamide in each 500 c.c. blood transfusion. This dose is not large. 
The sulfanilamide must be dissolved in about 12 c.c. of warm water be- 
fore mixing with the blood. Other techniques of preparing, storing, 
and administering preserved blood include those of Elliott, Macfarlanc, 
and Vaughan (1939), and of Boland, Craig, and Jacobs (1939). Corelli 
(1940) advised a proprietary Italian thiosulfate preparation ns a blood 
preservnt ivc, “Xo votrans. ' ’ 

Diggs and Keith (1939) in two articles summarize their experiences 
during the first year of using a blood bank at the John Gaston Hospital 
in Memphis. In a series of 1,415 transfusions there was a reaction rate 
of 0.7 per cent and 5 deaths. They advise a test for hemolysis just before, 
using all preserved blood samples. This is important because the detCCr 
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tion of hemolysis by looking at the blood in a flask is unreliable, for it 
may appear to be liemolyzed when it is not, or the supernatant layer 
may be clear even when there is gross hemolysis in the cell layer. Ed- 
wards and Davie (1940) gave an account o'f the first 1,500 bottles of 
preserved blood distributed by the Merseyside War Blood Bank. Similar 
to the practice at the John Gaston Hospital, Memphis, they use the 
blood left in the taking tube in testing for Wassermann reaction, etc. 
Five per cent reactions (rigors) occurred following the giving of the 
blood. In a series of 951 transfusions, De Gowin and Hardin (1940) 
found 3.68 per cent reactions. 

The “closed citrate method of collecting blood” used by Diggs (1940) 
at the blood bank of the John Gaston Hospital, Memphis, has several 
advantages in simplicity. Eliminating mechanical suction devices, the 
blood is allowed to run downhill into a single sterile bottle containing 
citrate. The blood left in the tubing at the completion of the procedure 
is collected and utilized for serologic tests and for typing and cross- 
matching. 

Besides the danger of incorrect typing and cross-matching there is 
always the danger of intragroup reactions in the blood transfusion as 
pointed out by Wiener and Peters (1940) and others. Knoll and 
Schiirch (1938) reported on the use of heparin in blood transfusion. 
Heparinization of the donor seemed to exert no ill effect on him or on the 
recipient. 

Stead (1940) studied the collapse following sudden removal of large 
amounts of blood from professional donors kept in the horizontal posi- 
tion. After removal of 7 60 to 1,220 e.c., five of the six donors developed 
collapse when from 15.5 to 19.7 per cent of the total blood volume was 
removed. The collapse was accompanied by tachycardia and sweating of 
the forehead and coolness of the hands and feet. In the early stages 
there were no cerebral symptoms, the supply of blood to the brain being 
adequate. The onset of the collapse was sudden with a sharp blood 
pressure fall to 50 mm. Hg or below. At the height of the reaction there 
were bradycardia, nausea, and blurred vision. 

The idea recently expressed in an article in the French literature by 
, , n939) that all transfusions should be given rhythmically, i.e., 

i e f al llg of an artificial “heart” with intermittent, pulsatile pressure, 

• mea Jjcen widely adopted. Becart believes that the manner of in- 
has no ^ important as the substance injected. Another type of trams- 
jecting is continuous reciprocal method as used by Duncan, Tocantins, 

j pnftlo (1940)* 

a , • / 1 0401 found that warming did no good in blood trnns- 

Glinskiy ( un warmed (10 to 20° C.) blood there were 26.1 per 

fusi0nS ‘ 1! while in a previous group of 1,400 transfusions of pre- 
C ramed blood there were 38 per cent reactions. 
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Cooksey (1940), in discussing the blood bank at Harper Hospital, De- 
troit, stated that all blood is converted into useful plasma when it is 
seven days old. "Whole citrated blood is used, and following administra- 
tion of tiie first 700 bottles of blood from the bank, only eight reactions 
occurred, most of them being very mild. This low incidence of reactions 
is in marked contrast to that of previous years with fresh blood. 

The recent symposium on blood banks at the Detroit Regional Meeting 
of the American College of Surgeons, April 1, 1940, brought forth 
several interesting points. E. H. Sehirmer reported on three years' 
experience with the Cook County Hospital blood bank. In 1936, before 
instituting the bank, there were 7 per cent reactions. Last year in a 
series of 6,446 transfusions there were only 1 per cent. She stated that 
they still use the sodium citrate-saline solution as they believe the De 
Gowin glucose solution favors hemolysis. The blood is given at the rate 
of 40 to 60 drops per minute. W. B. Cooksey stated that there was 
only one reaction in the last 407 bank blood transfusions at Harper Hos- 
pital, Detroit (0.25 per cent). Scudder emphasized four points to be 
remembered in using a blood bank: (1) chemical cleanliness, (2) rapid 
turnover of specimens, (3) slow administration, and (4) narrow plasma- 
cell interface in preserving flasks. 

The disadvantages of stored blood would seem to rest in deterioration, 
largely from diffusion of electrolytes such as potassium and magnesium 
from the cells into the plasma. This is especially rapid when blood is 
transported and this again limits the use of stored blood. Scudder 
(1940) remarked in this regard: “In hemorrhage and shock, when the 
need for blood is the most urgent and where preserved blood might 
find its chief usefulness, its improper use would seem to carry the 
greatest danger.” It would seem that, most of these objections to stored 
blood could be obviated by using stored plasma. 

Cadaver Blood: The use of cadaver blood in the treatment of shock 
was introduced by Dr. Skundina, a female assistant of Prof. Serge S. 
Voudine (Judin, Yudin),* of the Institute Sklifassovsky (Central Emer- 
gency Hospital), Moscow. Youdine (1936) reported further on the 
use of cadaver blood. It was given a brief trial in actual practice at the 
Philadelphia General Hospital. Moore (193S) reviewed the use of 
cadaver blood in Chicago and an editorial in the Journal of the American 
Medical Association (193S) reviewed the entire subject. 

In June, 1939. I spent two days with Professor Youdine and watched 
the entire setup and use of cadaver blood transfusions. The choice of 
cadavers is one of the most important items. Youdine manages all the 
emergency eases in Moscow, controls all the ambulances, and has three 
telephone operators working night and day answering emergency calls 
only. He thus has an enormous amount of material to choose from. 
A total of 1,054 cadavers were used in the three-year period 1935-1937. 


•Professor Youdine told the writer that he prefers this spoiling, belie 
rnor#» ncrurnte translation of the Russian alphabet. 
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A total of 1,738 liters of blood was obtained and of this 228 liters were 
discarded because of positive Wassermann reaction or other diseased 
condition. The average, blood per cadaver was 1,650 c.c. and the average 
time after death that the blood was obtained was two and one-half hours. 
Some of the cadavers were traumatic eases : 


■ ■ 

CADAVERS 

USED 

Fracture of skull 

°2 

J5 

Gunshot wound of head and thorax 

.0 

s 

Closed thoracic trauma 

i<; 

10 

Combined trauma . 

20 

12 

Buried in earth 


(I 

Electrocution 

34 

29 


— 



Total 

3 OS 

SO 

74% 


But by far the largest part of the blood was obtained from patients 
with angina pectoris. Youdine gets 10 to 15 male deaths from angina 
pectoris a day ! Of the angina pectoris deaths 74 per cent are males and 
these make the best cadavers, rarely having a positive Wassermann. 
To show how many cadavers are discarded: in 1932 to 1934, of 5,104 
cadavers transported by Youdine’s ambulances, only 1,432 (2S.5 per 
cent) were brought to the hospital for use, the others being taken di- 
rectly to the morgue. 

In obtaining the blood it is best to wait 1 to 3 hours after death but 
not more than 6 to 10 hours, the time being less in warm weather. The 
cadaver is placed on a table in Trendelenburg position, the neck 
sterilized with iodine, and the cadaver draped with sterile sheets. The 
operator wears sterile gloves and gown. With sterile instruments the 
external jugular vein is exposed and two glass tubes are inserted. These 
are 0.75 in diameter and 15 cm. long. A straight tube is placed toward 
the thorax and a right-angled tube toward the head. The blood is 
allowed to flow by gravity into sterile containers. It is then placed in a 
refrigerator and the process of fibrinolysis occurs spontaneously after 
clottin 0. It is this process that was Skundina’s great discovery in 1930. 
Cadaver blood was first used on March 23, 1930. 

• a ger i es of 1,157 transfusions with cadaver blood there were 214 
ti ns (18 per cent) with 0.2 per cent deaths. All 3 deaths occurred 
- GaC ' where a small transfusion of only 250 c.c. blood was used. The 
ur cases l)p { 0 thirty-five days seemed to make little difference 

tihie o ra tc. Youdine is such a firm believer in transfusion 

in the ieac \ ^ or; * ' The vein is for transfusion.” The subject of 
that he to ‘ , discussed below under the heading “Shock in 

blood transfusion win 

Y artini . , JVm rt'ftrt nrr.i will orromjtnnu thr Ui.it mrtxnn.) 

(To he concludes in the A P n* ■ 
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REVIEW OP THE FIRST MEETING OF THE SURGICAL IN- 
VESTIGATIVE SOCIETY OF THE SOUTH, OCT. 6 AND 7, 1940, 
VANDERBILT UNIVERSITY SCHOOL OF MEDICINE, 
NASHVILLE, TENN. 


Michael, DeBakey, M.D., New Orleaxs, La. 

(From the Department of Surgery, Tulane University School of Medicine) 

' | 'HE Surgical Investigative Society of the South has been organized from a group 
of southern surgeons. The purpose of the organization is to band together a 
small group of contemporaries, interested in surgical progress, and by annual meet- 
ings at some medical center to exchange ideas and to see for themselves the advances 
and research, in progress. 

“The first meeting was held at Vanderbilt University in October. The first 
day was given over to procedure of organization and to a general discussion, initi- 
ated by the members themselves, as to researches being conducted by them and at 
their particular home locations. 

“ Officers elected were: Dr. Ira A. Eerguson, Atlanta, Ga.. president; Dr. 
Michael E. DeBakey, Xew Orleans, La., vice-president, and Dr. Henry Poer, 
Atlanta, Ga,, secretary-treasurer. 

“The next meeting is to be held in Baltimore in October, ] Oil. 

Ika A. Perguso.v, President. " 


Samuel McLanahan, Baltimore: The Use of Sulfanilamide, Sulfapyridme, and 
Sulfathiazole on the Surgical Service of Johns Hopkins Hospital (abstract*). — 
With the development of new derivatives in the sulfanilamide group, the indica- 
tions for and use of these drugs are undergoing constant change. Sulfanilamide, 
however, continues to hold its place in the treatment of hemolytic streptococcal 
infections. In Welch bacilli infections it has proved effective clinically. Es- 
pecially has it been used prophylactically in compound fractures and other open 
"ounds. Introduced locally in the wound it has apparently been effective and has 
not interfered with wound healing. 


Sulfapyridine was a welcome addition to the series, but in actual practice it is 
being replaced very largely by sulfathiazole. The latter drug is less likely to 
produce nausea but more likely to produce a rash and the troublesome drug fever. 

In abdominal surgery, sulfathiazole is achieving special success. Recent re- 
ports b\ A. I. Jonas indicate its effectiveness in treating and preventing perito- 
nitis. It has been given as a routine measure in the postoperative treatment of 
ruptun d appendicitis and abdominal trauma, and as a preoperative measure in 
operatio ns upon the colon. The sodium salt, not yet available commercially, has 
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frequently been employed for intravenous use. Rectal strictures due to lympho- 
patbia venereum have responded to sulfanilamide, sulfapyridine, and another 
drug, sulfanilic acid. 

The future gives promise of the development of new compounds, one of which, 
sulfanilylguanidine, has already been reported by E. K. Marshall and his as- 
sociates. This drug is poorlj' absorbed and so remains in high concentration in the 
intestinal tract. Its bactericidal effect upon diseases of the intestine and upon 
the intestinal contents is being carefully investigated. Doubtless much more 
will be heard of this drug in succeeding months. 


Discussion: Gaston Gay, Atlanta, asked ATcLanahan what experience he has 
had with giving sulfathiazole per rectum. He reported three cases of peritonitis 
in which it was difficult to give the drug by mouth. One patient who received 
sulfathiazole had a rise in temperature and diarrhea following the use of the drug. 
Ambrose H. Storck, New Orleans, stated that he and his associates had antici- 
pated and planned to use these drugs in gunshot wounds, but it so happens that 
the incidence of gunshot wounds had decreased. He expressed the opinion that 
the use of sulfanilamide in the form of hypodermoclysis, as suggested by Ravelin, 
has been of distinct benefit in their experience. William H. Prioleau, Charleston, 
S. C., agreed with McLanahan’s statement about the use of sulfanilic acid in 
rectal strictures. In Charleston they have had quite a large series of these pa- 
tients and they have been reviewed by Edward Parker, former resident surgeon in 
Vanderbilt Hospital. His findings are in absolute agreement, that the patients arc 
more comfortable, the discharge is less, but the physical characteristics remain 
about the same. They have had about twenty of these patients of nil hinds 
under observation. Michael DeBakey, New Orleans, directed attention to tho uso 
of these drugs in gas bacillus infections. He referred to some investigative work 
done in the Department of Experimental Surgery at Tulanc University by A. B. 
Longacre. It was found that in Clostridium wclchii infections in guinea pigs these 
drugs were of little, if any, value. Although their clinical experience was lim- 
ited, it was their opinion that the drug has not been of definite value in those 
cases. However, he emphasized the fact that it was difficult to ovaluato results 


of therapy in these infections, because of the numerous factors involved. 
D. Henry Poer, Atlanta, asked if some side results which might be dangerous had 
been observed in the uso of sulfathiazole and sulfanilylguanidine. Because these 


drugs are being used so commonly, it would he worthwhile to direct attention to 
any untoward effects which they might produce. Richard T. Shackelford, Balti- 
more mentioned one other type of case in which it was very useful; that is ns a 
onhvlactic in resection of the jaw. Resection of the jaw is in the mouth, a very 
dirty field He has used sulfanilamide six times with large resections of the jaw. 
The wound in each case healed per primam. Sulfathiazole was used tho last four 
and in each case tho wound healed per primam. Clarence B. Gardner, 
N C asked if there is any ill effect from the preoperativo use of the 
' ’ t ] 1(J standpoint of anesthesia or from the standpoint of wound healing 

drug r0 ^ jaw. George T. Wood, High Point, N. C., stated that recent 
in T ^ su tfathiazoIc tempted him to see how much protection could be 

experiences^ ^ p rc0 j, cr ativc administration in acute inflammatory pelvic con- 
obtaine u C eks ago a case was seen with acute pelvic peritonitis, with 

ditions. ^ jQ_j« The patient was extremely sick. After three 

temperature o ^ sulfathiazole, there was a drop in temperature, a diai/nt/- 

days’ ndmiaistra i 0 ^ an j „ diminution in the abdominal pain. Eight days 

tion in vaginal l ' c ' n . ' o j ( j |( , sulfathiazole, the patient was operated upon, 
after the admims ra much less severe than is usually present. Ralph M. 

The postoperative reaction 
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Larsen, Nashville, Tenn., stated that he and his associates have had a moderate 
amount of experience with sulfanilamide, extending for a period of eighteen 
months. They have treated sixty-eight cases of lymphopathia venereum. It has 
been very definitely shown ‘in that group that there is almost complete disappear- 
ance of the inflammatory reaction. Colostomy was done in about 5 per cent. The 
average gain in weight of those treated with sulfanilamide has been somewhere 
in the neighborhood of 50 per cent. In general, the inflammatory reaction has 
failed to recur even after sulfanilamide has been discontinued for six to nine 
months, except in those instances where there is marked persistence of the stric- 
ture. The greatest benefit received from it was in early lymphopathia venereum. 
He did not know how many early acute cases there are in this study. Their ex- 
perience has been that given an early case with proctitis as an initial lesion, with 
extensive edema and early ulcer, it can be healed with no stricture whatever if 
the patient is placed on sulfanilamide and if necessary given a temporary colos- 
tomy. He had recently seen a case which brings up the question as to whether 
or not in the presence of pneumococcus infection or compound fracture one would 
give sulfathiazole iu the light of the evidence at the present time that sulfa- 
thiazole is not readily excreted by the choroid plexus. 

Regarding Gay’s question about the rectal administration of the drug, 
McLanahan, in closing, admitted that he and his co-workers have had no per- 
sonal experience nor do they know of any experience in the rectal administration 
of sulfathiazole. The fact is the intravenous drug just happens to be available. 
The rectal administration would be certainly very important to follow. They 
have not seen diarrhea accompanying the drug, but a patient occasionally may 
get it. As regards Welch bacillus infection, it was his understanding that Welch 
bacilli many times are mixed up with streptococcus, and some of the effect of 
treatment may be because streptococci may be present in the infection in the 
laboratory animal. From clinical experience with a number of cases it was his 
opinion that many times amputations have been avoided. However, there are 
many things one can do for such patients and he thought all should be done as 
far as possible. In regard to side reactions, as mentioned by Poor, complications 
can be listed in eight different groups. In addition to the two mentioned, drug 
fever and rash, there are blood changes which are familiar and which should he 
looked for. It demands careful observation of the blood picture. There may be 
jaundice. There may be psychosis, which he bad observed in a child receiving 
sulfathiazole. The child was completely disorientated and confused. These are 
among the important side effects. As regards Wood's remarks about pelvic ir- 
ritations. their resident had observed a series of appendical cases in which these 
drugs were used. It was found that the wound heals much more promptly, there 
is less discharge, and there is a cleaner looking wound and fewer secondary ab- 
scesses. The resident reported that he and the other surgeons use fewer drains 
in ruptured appendix, possibly one cigarette drain instead of three, and that the 
healing is more prompt and the hospital stay shorter. As regards Larsen’s remark 
about the treatment of early lymphopathia venereum, it would certainly be im- 
portant if it is possible to keep those cases from going on to permanent stricture 
formation. In regard to head injuries, there are a number of factors to be con- 
-ulered. McLanahan stated that at Johns Hopkins Hospital, W. E. Dandy is ex- 
perimenting on the application of these drugs in postoperative infections and com- 
pound head injuries. He does not think it is effective in brain absces'-ps, because 
tbey are well walled off from the blood supply. 

Richard T. Shackelford. Baltimore: Peritoneoscopy (abstract t. Peritnnco— 

copy bns been used in Baltimore as a diagnostic procedure since February, Jp.ty 
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.The examination has been performed in eighty cases and from this experience we 
believe it is especially indicated to establish the diagnosis in suspected cirrhosis of the 
liver, metastases to the liver or peritoneum, inoperable carcinoma of the stomach, 
tuberculous peritonitis, carcinoma and cysts of the ovary, ectopic pregnancy, 
myomata uteri, and pelvic inflammatory diseases. 

We believe that it should not be used in acute abdominal inflammatory dis- 
ease, abdominal distention, or where many adhesions are known to be present. 
Furthermore, it should be resorted to only if the usual simpler laboratory pro- 
cedures have failed to determine the diagnosis. 

The limitations of the method must be kept in mind and it should be used 
only for a specific purpose, as to (1) establish a differential diagnosis, (2) con- 
firm a previous diagnosis, (3) determine the nature, location, and extent of a 
tumor. 

In our series the intestine was perforated in one case, but without any serious 
effect. There were no other complications. The procedure resulted in an in- 
correct diagnosis in one instance and was unsuccessful due to adhesions in three 
others. There were no fatalities. 

We believe it is a valuable diagnostic procedure in a small number of selected 
cases, and in such a group will prevent many unnecessary exploratory laparot- 
omies. 


Discussion: Hawley M. Penick, Jr., New Orleans, stated that, although he has 
had no experience with this procedure, he has not been able to get enthusiastic 
about it for several reasons. One is that it does have dangers. Another is that it 
seems to him that one is dealing with conditions that are finally operative. He 
asked Shackelford if he knew how many of these patients subsequently did have 
laparotomies. He also made the point that an exploratory laparotomy can be done 
very easily under local anesthesia. He wondered if more information could not 
be obtained in this way than with this instrument. Ho had gotten the impression 
that it necessitates operation later anyway, so its value is somewhat nullified for 
that reason. The greatest information is to be found in tho livor. Michael 
DeBakey, New Orleans, agreed in general with Pcnick. Although he has had no 
personal experience with it, one man in their department had performed the pro- 
cedure in thirty or forty cases. In this group of cases tho procedure had not 
proved of distinct informative value and in some the findings wero definitely 
misleading. Ho asked if false information had been given in Shackelford’s 
series Obviously, usage and experience are important factors. However, it was 
the general impression that the indications were definitely restricted. Ambrose 
H Storck, New Orleans, stated that as regards penetrating wounds of tho ab- 
domen Griswold and his associates in Louisville, Ivy., have had quite a number 
f cases of penetrating wounds of the abdomen in which they felt that the use 
°f the eritoneoscope had helped them to recognize a few cases with actual perfora- 
°, ^ hemorrhage which otherwise they might have missed. He believed that 

tiou aa conditions it might find a place. In borderline cases, especially 

in acute a i , ; n iuries where abdominal exploration is to be avoided if 

■" •“ ■* •« --a,.. i*. 

possible, 

prioleau, Charleston, S. C., agreed with .Shackelford that there is a 
Willianl ti- f or 'it. In fact, they have saved a great many hospital days 
very definite p a 1!Ut nV>0 r of laparotomies. It has been mainly used in a small 
and saved a certain ^ carc j I10 j n a, particularly of the ovary, which had not been 
series for diagnosis , v hicb the patients were riot subjected to hospital- 

diagnosed otherwise and 

izatioD. 
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Shackelford, in closing, stated that, in answer to DeBakev’s question, false 
information was given in his thirteenth ease, curiously enough, and so from that 
time on it has been his custom not to give information in which there is any 
reasonable doubt, in which there is actually any doubt. By means of biopsy it is 
possible to determine with accuracy what is present. If he is not sure of it, it is 
recorded as undeterminable by peritoneoscopy. That has oecnrred in three cases 
which were noted as “unable to determine diagnosis.” The instrument should 
not be used just for general inspection of the abdomen. It should be used to answer 
only specific questions: Is this carcinoma of the liver or cirrhosis of the liver? 
Is it metastasis to the liver? Is the spleen enlarged or is it small? If it is en- 
larged, a biopsy should be made to see what the microscopic picture shows. In 
other words, it should be used for making differential diagnosis, not just for a 
general inspection of the abdomen. A diagnosis should not be made unless one 
is certain. In regard to Penick’s question, he did not have these particular figures 
on the entire 80 cases, but he had the figures on the first 50 cases. In the series 
of 50 cases they saved 22 exploratory laparotomies. In regard to Storck's re- 
mark, he stated that he was familiar with Griswold’s work. Their procedure in 
penetrating wounds of the abdomen is to insert the peritoneoscope and see if 
perforation of the peritoneum, and not oi the intestine, has occurred. He would 
not trust any opinion one could give as to whether the intestine was perforated 
by a bullet or a stab wound. One could see, of course, whether there is a hole in 
the surface of the peritoneum. They have reported 6 cases. There have been 28 
instances reported by various authors in which they used peritoneoscopy to de- 
termine the presence or absence of hemoperitoneum. 

John V. Goode, Dallas, Tex.: Experiences With a Transverse Abdominal In- 
cision (abstract). — The disadvantages of the transverse abdominal incision in the 
upper abdomen arc: (I) This incision is not suitable for exploratory procedures. 
(2) Occasionally the transverse incision is not adequate and the operation must 
add a midline incision to the transverse incision. (3) The transverse incision takes 
a few minutes more time than does a vertical incision. (4) The upper portion 
of the wound is in the way when the operation is one to explore the common 
duct. (5) If a hernia develops, its repair may be more difficult if it is close to 
the costnl margin. 

While these disadvantages arc real, they arc overweighed by the very real ad- 
vantages of the transverse incision. The advantages are: (1) The closure is 
more secure than the closure of the vertical incision because the transvcrsalis 
abdominis muscle is divided parallel with its fibers and consequently every cough 
or breath does not tend to pull the wound apart. (2) This incision is more 
efficient in that nil of it is used and not just the upper angle. (3) The transverse 
colon nnd omentum keep the small bowel out of the wound. This tends to prevent 
shock and to prevent adhesions. (4) The exposure is ideal. (5) There is no in- 
jury to nerves and consequently no atrophic or weak muscle following this in- 
cision. (G) Disruption and hernia seem to be less frequent following the use of 
the transverse incision. (7) Of great importance is the lessening of pain follow- 
ing this incision. With the freedom from pain there will be deeper respiratory 
movements, less atelectasis, nnd less pneumonia. 

Discussion: Michael DcBakcy, New Orleans, directed attention to the lower 
transverse incision, particularly for appendectomy. In Tulane University surgical 
service, the transverse incision has been used for a number of years. It has 
practically nil the advantages enumerated for the upper transverse incision. It 
1ms the advantage over the McBurney incision that better exposure may be oil- 
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tained, pelvic exploration can be done, and the incision may be more easily 
enlarged. This incision is frequently referred to as the Davis incision, but Elliot 
described it in 1806 (Boston M. & S. J. 135: 433) and Kockey in 1905 (Med. Bee. 
68: 779). It is performed by making the incision horizontally on a level with the 
anterior superior iliac spine, extending from a few centimeters medial to this 
point to a few centimeters lateral to the midline. The external oblique aponeu- 
rosis and the lateral half of the rectus sheath are incised in line with the skin 
incision, exposing the rectus and internal oblique muscles. The former is retracted 
medially and the fibers of the latter as well as those of the transversus abdominis 
are separated. The peritoneal cavity is entered by extending the incision trans- 
versely through the lateral half of the rectus sheath and the transversalis fascia. 
Paul W. Sanger, Charlotte, N. C., asked about the wisdom of using silver wire. 
Janies A. Kirtley, Jr., Nashville, asked Goode if he uses this incision in many early 
cases of perforated ulcer. 


Goode, in closing, stated that, as far as silver wire is concerned, he adhered 
to his training in Cincinnati. When he uses silver wire, nothing else is used. 
In the case of early- ulcers he uses only silver wire. 


Clarence E. Gardner, Jr., Durham, N. C.: Certain Observations of the Use of 
the Digital Oscillometer in the Recognition of Peripheral Vascular Diseases (ab- 
stract). — An instrument was presented which measured the magnitude of pulsa- 
tions of the arteries of the fingers and toes. It had been made in the instrument 
shop at Duke University. Charts showing the range of pulsations in the digits of 
normal individuals at various temperatures were presented. Charts showing the 
range of pulsations in the digits of patients with Raynaud’s disease and also with 
obliterative vascular diseases were also presented. Tho ability of the instrument 
to record changes in pulsations before and after smoking and beforo and after 
sympathectomy was demonstrated. It is thought that the instrument will bo of 
value in differentiating vasospastic from obliterative vascular diseases. 


Discussion: John V. Goode, Dallas, asked Gardner about tho width of the cuff, 
because this is considered significant. As to the degree of oscillation, lie also 
asked if the amount of mercury- used to bring it up would have any significance 
whatever in the blood pressure of the finger. Samuel McLanahan, Baltimore, 
stated that he observed variations of waves in all cases. He asked if ono al- 
ways gets oscillations even though palpable pulsations may be absent. Michael 
PeBakey, New Orleans, emphasized tho significance of vasospasm in peripheral 
vascular disease. Its importance lies in the fact that it forms tho one con- 
trollable factor from the standpoint of therapy. For this reason it is important 
to determine not only the presence or absence of vasospasm, but also its extent, 
y radical purposes an apparatus of simpler construction than that described 
Gardner would be desirable. The instrument used in the peripheral vascular 
' J ' rp u ] ane University' has been one similar in principle to one constructed 

chine a ^ of t lie Department of Medicine at Tulaiic University. This up- 
by Roy ’ cordin{ , osc iIlomcter, but in its simpler form may be applied din- 

pnrntus is . ^ rccor ding unit, which is the complicated part. D. Henry Poor, 

ically wi .on ^ Jt sccms t0 him in studying peripheral vascular conditions 

Atlanta, sta e< . * j mvc ] m d certain diagnoses handed to us, such ns thromho- 

that in the pas ' r , s disease, and arteriosclerosis with spasm or perhaps 

angiitis obliterans, other hand, a large number of pntients are encountered 

without spasm. Ga ^ these groups, and it seems that this occurs to such 

who do not fall t®* 0 d'g'cult to dassifv them. The instrument described mny be 

tin extent that it is Another important problem in the treatment of 

of some value in su 
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peripheral vascular disease is the element of smoking, whether it be in the 10-j ear- 
old boy he has mentioned or the 60-year-old man. It seems that this is a habit 
which is very difficult to break and one practical value in an apparatus of this 
sort is that you can take a man into a constant temperature room and show him 
the figures so that he can see the temperature changes in his digits or in his toes 
and also how his oscillations vary in his blood vessels. It might be a very good 
way to sell a patient on the idea of stopping something that is distinctly harmful. 

Gardner, in closing, emphasized Poor’s remarks about smoking. They have 
used this instrument in obliterative disease, arteriosclerosis, and Buerger’s disease. 
In all of them it was found they had no pulsations at all in the digits. As re- 
gards McLanahan’s remarks, one frequently linds normal pulsations at the wrist 
and ankle and normal oscillometer curves, but still the patient has disease of 
the peripheral vessels. It is in such cases that this instrument is helpful. As 
regards the instrument mentioned by DeBakey, he was of the opinion that it was 
not of great clinical value. The plethysmograph perfected by Johnson in Chicago 
is an excellent apparatus. It is very exact and does the same thing as this 
instrument he has designed. Their difficulty has been in getting the thing to 
work. The plethysmograph takes a trained technician to make it work and they 
were not skillful enough or did not have the patience when something was wrong, 
and so gave it up. It is on the market and is successfully used at this time. The 
great value of the one he presented is that the whole extremity can be immersed 
in a water bath. Those working with this know that there are great variations 
in pulsations. They are not equipped with a constant temperature or constant 
humidity room and find it easier to immerse the extremities. Goode asked about 
the width of the cuff, but he stated that he was not enough of a physicist to 
answer that. 

Paul W. Sanger, Charlotte, N. C.: Demonstration of the Tourniquet Technique 
for Lobectomy in Bronchiectasis (mode in color) (abstract). — My purpose in 
showing this movie was not to demonstrate anything new or unusual, hut merely 
to emphasize the fact that we, as general surgeons, have relegated the specialty 
of thoracic surgery to so-called specialists in this field, which was developed 
originally bv general surgeons, because, after all, only the well-founded principles 
of general surgery are applicable, and I think we are grossly negligent not to 
emphasize and discuss thoracic problems more often than we do. I am presenting 
here the technique tiiat I used in S eases with bronchiectasis which was limited to 
one lobe or more, 5 of which had bilateral lower lobe infection. In 2 patients 
the pathology was limited to the lower lobe (unilateral). One was a patient with 
nil three lobes involved on the right. 

I prefer the tourniquet method because: (1) it is simpler than the individual 
ligation of vessels and bronchus; (2) it is dangerous to attempt individual liga- 
tion in the presence of edematous inflammatory tissue; (3) it is not necessary 
to resect the involved lobe or flush with the hilum; (4) on account of the likeli- 
hood of a bronchial fistula developing, it is quite natural tiiat a smaller bronchus 
would occlude much quicker than a larger and more rigid tube. 

I might re-emphasize pertinent points of this technique. As you will note, the 
incision is a postlatcrnl one, paralleling the seventh intercostal space and extend- 
ing to the anterior axillary line. Segments of the seventh and eighth ribs arc 
removed posteriorly, thus allowing the maximum spreading of the ribs. After 
the involved lobe is freed of its adherent attachments and the pulmonnrv ljg a - 
ment is severed, a tourniquet is applied to the hilum. A pleural cud is developed 
and thence the lung is excised hv gradually cutting in a circular manner within a 
few centimeters of the tourniquet. The stump is occluded with interrupted 
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chromic catgut, after which the raw surface of the stump is covered with the pre- 
vious^ prepared pleural cuff. Two catheters are inserted inferior to the incision. 
The anterior one is used to withdraw the encased air and is removed in from 
eighteen to twenty-four hours. The posterior catheter remains in placo in- 
definitely. Closure is carried out by reapproximating the ribs witli interrupted 
black silk. The muscles are closed in layers with catgut and the skin with silk. 
It is also noted that these patients are all transfused during operation. 

I would like to mention one other patient who had bronchiectasis associated 
with squamous carcinoma of the bronchus. In this case individual ligation tech- 
nique was followed. 

These patients range in age from 6 to 55 years. Five were males and 4 were 
females. The cause of pathology in 4 of these cases was due to aspiration of 
foreign bodies, 2 represented questionable congenital cystic diseases of the lung, 
2 developed falling measles and whooping cough, and 1 was the malignancy which 
was mentioned above. 

Of these patients there are 5 complete cures, but the other 4 had bilateral in- 
volvement prior to operation and are now being followed for the possibility of 
doing further surgery. 


Discussion: Michael DeBakey, New Orleans, stated that he and his co-workors 
previously employed the technique of tourniquet ligation as described by the es- 
sayist, but more recently have used individual ligation of the hilar structures. 
It was found that the incidence of pleural infections was diminished and the 
postoperative stay in the hospital considerably decreased. J. A. Kirtley, Jr., 
Nashville, asked Sanger if he left the tourniquet on. I. A. Ferguson, Atlanta, 
asked if Sanger ever crushes the phrenic nerve. 


Sanger, in closing, stated that the point DeBakey made about hospitalization 
is well brought out. The last patient he had was discharged in three weeks. 
They have found that patients may leave the hospital unusually early. If they 
have inflammatory tissue, it is rather hazardous to try individual ligation. At 
the same time, he believed that, if bronchial infection is present, it should he done. 
He thought the other method is simpler. He never leaves the tourniquet on. 


Michael DeBakey, New Orleans (Leader): Bound-Table Discussions on Suture 
Material and Wound Healing (abstract): DeBakey prefaced the discussion by 
stating that the purpose of the round table was to present an opportunity for 
the members to discuss informally some surgical subject previously solectcd of 
current interest. Such a discussion would permit members of various sections to 
express their opinions and experiences and help crystallize a more rational com- 
prehension and perhaps allow a better evaluation of the subject. 

Because of the recent revival of interest in suture material, it was selected 
... discussion. In the surgical service nt Tulane University they had pro- 


On tho basis 

extensive expenmu...... - -Experimental Laboratory 

01 , Alton Ochsncr and Win. Meade, it was found that cotton was the most 

Tulane } ^„ rc material. This was verified clinically and nt present cotton is 
desirablo su ^,j )e advantages of cotton nrc that it produces minimal tissue 

used cxclusne)- nn( j cns ily sterilized, is of sufficient strength in appropriate 
irritation, is l * tensile strength in tissue decreases considerable 

sizes, and is economical. - 
less than catgut, silk, or ■linen. 


-iouslV employed catgut and this was followed by the use of silk. 

'f -tensive "experimental studies done in the Experimental Laboratory nt 


In clinical practice it 


use of silk nius 
thread as bought m 


hould be realized that Hoisted ’s rules regarding the 

. 1 ,- n tillered to in the use of cotton. Ordinarv spool cotton 
t be strict!} name , , T , 


a notion store 


is employed. Jt is prepared by wrapping it on 
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rubber tubes and autoclaving it for fifteen minutes at 15-pound pressure or 
by boiling for twenty minutes. For ligation of small vessels in the subcutaneous 
tissue or other areas, No. 60 or SO is used. For approximation of the peritoneum 
or fascia, "quilting cotton” is employed. A heavier material is rarely necessary, 
but occasionally No. 10 mercerized crochet cotton may be required. Samuel 
McLanahan, Baltimore, asked about cotton in the face of infection. DeBakey 
stated that on the basis of their experience one of the most important uses of 
nonabsorbable suture material is in contaminated wounds. Cases in which cotton 
was used in severely infected wounds have been observed to heal without sinus 
formation or the extrusion of the sutures. Apparently this complication is less 
likely to occur with cotton than with silk, Moreover, the use of a nonabsorbable 
suture material in the presence of infection is considered more desirable than the 
use of absorbable material because wound disruption is believed to be more likely 
with the latter for two reasons; first, the infection delays wound healing; and 
second, the liberated proteolytic ferments cause early digestion of the suture 
material. John V. Goode, Dallas, stated that he has used cotton ever since an 
article appeared in the Journal of the American Hectical Association, in which a case 
was described of a colored woman who had the external carotid tied and no cotton came 
out in spite of wound infection. An important advantage is that it can be so easily 
sterilized. He stated that in a case in which the ovaries were removed the skin edges were 
closed with a subcuticular piece of cotton. It has now been six months and a little piece 
of cotton is still there and there has been no reaction. He has watched this with a 
great deal of interest. Donald Donaldson, Birmingham, Ala., asked if silk is used to 
close the peritoneum and if continuous sutures are ever used. DeBakey answered 
that cotton is used all the way through and that interrupted sutures are used 
exclusively. He emphasized the importance of cutting the suture down on the 
knot. To facilitate this a special suture scissors has been devised and was de- 
scribed in the J.A.M.A. 112: 2110, 1939. Richard T. Shackelford, Baltimore, 
stated that one other suture material has been overlooked and that is alcohol- 
preserved fascia. Not many surgeons use it. Their experience has been that 
there is considerable accumulation of fluid interfering with the healing of the 
wound. Probably fascia is not used in the proper way. He and his associates 
have used it a great deal. This includes about 185 to 190 hernia patients. Ex- 
perience has shown that, if the fascia is properly soaked before the time of op- 
eration, accumulation of secretion does not occur. If an operation is to be done 
at 9:00 A.M., the nurse? place the alcohol-preserved fascia in a basin of salt solu- 
tion as soon as they enter the operating room at 7:30, one and one-half hours be- 
fore time to start the operation. Then it is changed to a fresh basin of solution 
and left there until 9:30 or 9:15. Frequently in large postoperative hernia one 
saves a great deal of time by not having to make a long incision in the thigh to 
obtain autofascia. There are many times when one cannot dissect a section of 
the rectus sheath. Alcohol-preserved fascia can solve a lot of these difficulties, and 
the secret of its proper use is the elimination of the chemical element. They have 
used it on animals and in human beings and have seen little, if any, difference in 
any way in the healing with alcohol-preserved fascia and autofascia. 

Alfred Blalock, Nashville: Activities of National Research Council in Pre- 
paredness (abstract). — At the request of i he Surgeon-General of the Army and 
Navy, the Division of Medical Sciences of the National Research Council has ap- 
pointed certain committees which are acting in an advisory capacity. The talk 
consisted of a brief description of flic activities of the Committees on Shock and 
on Surgery. 
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James R. Dawson, Jr., Nashville: Some General Aspects of Antirabic Im- 
munization of Dogs (abstract). — Rabies in dogs can be controlled most satis- 
factorily by prophylactic immunization. Vaccines available at the present time 
are extremely variable in their effectiveness. The ideal vaccine, theoretically, 
would be one which would immunize as a result of a mild nonfatal attack of 
rabies. Experiments are reported in which rabies virus, propagated in the brains 
of chick embryos, was used to vaccinate rabbits successfully against large test 
doses of street and of fixed rabies virus. 


Ann Minot and Katharine Dodd, Nashville: fluid Equilibrium (abstract). — 
The blood volume may be seriously reduced (1) by excessive loss of fluid anti 
(2) by an inability to attract and hold sufficient water in the blood stream bo- 
cause of a primary lack of plasma protein or because of a progressive loss of 
protein through injured capillaries. In simple dehydration fluid equilibrium can 
be restored by replacement of solutions of the appropriate electrolytes. When 
there is a deficiency of protein in the blood stream, protein as well as fluid must 
be restored before a normal distribution of body fluid can be maintained. 


George S. Johnson, Nashville: The Treatment of Carcinoma of the Jaw 
(abstract). — A series of cases of carcinoma of the jaw were reported in which 
operation had been carried out. Approximately one-half of this series were alive 
and well between two and five years after operation. 


Barney Brooks, Nashville: Effects of Pressure and Temperature on Ischemic 
Necrosis (abstract). — It is general!}' known that varying degrees of stress and 
strain exist in normal tissues and that unusual amounts of intermittent or con- 
stant pressure applied to tissues produce pathologic changes. The effects of 
different amounts of pressure applied for different lengths of timo upon the 
various tissues of the living animal are not definitely known. The tail of the rat 
is particularly well adapted for the experimental study of this problem, because 
the animal may be easily restrained and the tail contains so large a number of 
different structures readily subjected to known pressures for measured lengths of 


time. 

In a series of experiments it was found that the amount of pressure and the 
length of time necessary for producing massive necrosis were remarkably constant in 
healthy animals kept at ordinary room temperature. 

The pathologic changes produced by amounts of pressure or periods of time 
short of that necessary for massive necrosis were also studied. Epithelial hyper- 
plasia, fibrosing myositis, and nerve degeneration were observed. 

Modification of the temperature of the tissues during periods subjected to 
was found to be a powerful determinant of the length of time necessary 
^pressure to produce massive necrosis. 
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COMPARATIVE RESULTS IN THE USE OF LIVING AND 
PRESERVED FASCIA AS SUTURE MATERIAL IN BONE 

Amos R. Kooxtz, M.D., and Richard T. Shackelford, M.D., 
Baltimore, Md. 

(From the Surgical Hunterian Laboratory of the Johns Hopkins Medical School ) 

L IVING fascia grafts have been much used in recent years as suture 
t material in the repair of fractures and dislocations. Interesting 
papers on this subject have been written by Gallie and LeMesurier, 1 
Patterson, 2 and Allen. 3 So far as we know, preserved fascia strips have 
been little used as suture material in fractures, and the only report, of 
such use that we have at hand is that of Patterson, 2 who in one case used 
preserved human fascia lata to suture a fractured clavicle through drill 
holes in the fragments. The fascia strip used in this ease had been left 
over from a hernia operation ten days before and preserved in Scott's 
acetone-alcohol-acjueous solution of mereurochrome in the meantime. 
The result obtained was just as good as the results obtained in other cases 
in which living fascia strips had been used. 

Experimental work, showing the fate of living fascia transplanted 
into hone, has been done by Kernwein, Fahey, and Garrison/ They 
have shown that ossification of such transplants occurs. 

The fate of preserved fascia grafts when transplanted into soft parts 
to repair defects was shown by experiments published by Koontz in 
1920'' and in subsequent years, but we know of no experimental work 
that has been done showing the fate of preserved fascia when trans- 
planted into bone. We have, therefore, performed twenty-eight experi- 
ments on dogs, in which both living and preserved fascia were trans- 
planted into bone in different ways, in order to show the fate of both 
types of fascia and to note any differences that might occur in the fate 
of the two types. In a few instances the fascia strips (both types) 
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transplanted in such a manner that they had no function to perform, but 
in most instances they were given the function of holding separated 
bony fragments together. 

Experimental. — The following is a record of some of the experiments. 
Experiments representing all the types of reactions obtained are given 
below. It is thought unnecessary to record each experiment in detail 
as this would entail a great deal of repetition. Dogs were used in all the 
experiments, and, whenever alcohol-preserved fascia was implanted, it 
was implanted on the right side of the animal, and likewise, living fascia 
was always implanted on the left side of the animal. This was done to 
avoid confusion in interpreting results. 

Experiment Id (Oct. 17, 1935). — Fascia in Pubic Bone: Miclline incision over 
symphysis pubis. The ramus of the pubic bone was exposed on the left side, jus t 
lateral to insertion of left rectus muscle. About one-third of the thickness of the 
bone was chiseled away, exposing the medullary cavity. A strip of rectus sheath 
was excised and sutured around the bone, the flat side of the strip lying in the 
chiseled notch. The muscle and subcutaneous tissue were then sutured over the site 
of the operation. The ramus of the pubic bone on the right side was then exposed, 
and an alcohol-preserved strip of dog fascia lata was sutured in a similarly chiseled 
notch on this side. The wound was closed. 

On Nov. 30, 1935 (44 days after operation), the dog was killed. The site of 
the fascial implantation was located on each side by the notch in the bone and 
by the silk sutures with which the strip was sutured in place. There was no callus 
formation. Very little fascia “was seen in the notch on the left side, but a thin 
strip was visible on the right side. 

Experiment Iv 2 (Nov. 7, 1935). — Fascia in Femur : Left rectus incision. A 
piece of aponeurosis of the external oblique muscle was removed and split in two 
strips, one of which was placed in 70 per cent alcohol and the other in salt solu- 
tion. Incision was then made over the left femur, with a mesial approach. The 
femur was exposed, and a hole was bored through it. The strip of fascia, which 
had been placed in salt solution, was then placed through the drill hole and tied 
around the lateral surface of the femur. The knot was transfixed and sutured with 
black silk. The wound was closed. 

A similar operation was done oil the right side, using the strip of fascia flint 
had been dropped into 70 per cent alcohol at the beginning of the operation about 
three-quarters of an hour before. 

On Nov 29, 1935 (22 days after operation), tho dog died. Autopsy showed 
little evidence of the fascia remaining on each side. The holes in the bones were 
'] l eated on both sides, and the silk sutures showed the sites of implantation. There 
was no callus formation. 

EXPERIMENT K3 (Nov. 1-f, 1935).— Fascia in Scapula: Midline abdominal in- 
nnd a large piece of rectus sheath removed. Half of fascia was placed in 
C, lt°solution and 'half in 70 per cent alcohol. The wound was closed. 

S!l ) S 1 was then turned over, and the left scapular region was prepared for 

The og ^. sion was nia do over left scapula. The muscle was separated, and 
operation. 11 ^ ^ { j l(; p( . a p U ) a was split witli a saw in a longitudinal direction 
the posterior^ <m ^ Holes were bored on each side of the slit, and a strip of 
for about l.J in which had been placed in salt solution was threaded through 

rectus slieat i rom «ten<lv the slit. The knot was transfixed with silk. The 

the holes and tied so as m . 

wound was closed. 
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On Nov. 21, 1025, tlio right acnpulii wiih ojx’ritf *'<] upon in exactly aimilur ftmliiim 
to tlio operation done on the left Henpuln on Nov. 1-1, except thill, a atrip <if alcohol- 
preserved raitim aheulh, removed from Ilm dog nl, Ilia lint operation, w«H lined 
instead of living iiiHein. 

On .Inn. II, 1020 (-111 ilayn after tlio iirat opomtion ami forly-hvo liayH affor 
Ilm second oponition), both Hcnpulnr regions wore explored. A linn ridge of healing 
could bo foil in the limit! on onoli aide. 'J’lio faaoia on onoli aide wiih idonliflod 
by tlio triinstlxed ailk mil me. Tho faaoia hail partially dianpponrod, 1ml, morn wiih 
loft on tlio right. Hide than on I ho lefl. 

Mxi’Hiii.mknt K5 ( Doc, 14, lO.'l.'i), — J!ib Fusion Operation ; An ineimon wiih limdo 
over (ho right rilm, at about tho junction of (ho upper and middle Ihirda of (ho 
olioaf. Two ribs wore exposed. Tho perioaleum wiih olonnod oil - , and tlio iiiuhoIoh 
wore reiuovml from between them. Tho cortex wiih then removed from the adjacent 
edgOH of tho two riba, and the riba were brought together by lying around them, 
in two phicoH, alripa of dog fiiHcin removed a week previoualy and preaerved in 

70 per cent alcohol. The more, anterior atrip wiih tied around I he rib twice. The 

wound wiih cloned. 

On .Ian. 25, II), ' Id (42 daya after operation), the aile of operation wiih explored, 
and the two riba were found to be firmly flitted by bony union. 

!' ■ 

Kxj'luiiMi'iN'f K(i (Dec. 21, 1025). — Jiih Fusion Operation; Two Hlripa of fnacia 
lata were removed from the left, thigh, and tho wound wiih cloned. An operation 
exactly aimilnr to that done in the previotw experiment wiih then performed upon this 
dog, except that, 'jiving fnacia removed from the thigh wiih tiaed inatead of pro- 
aorved fnacia. , 

On Jan. ,'!(), 1020 (40 daya after operation), the aito of the operation wiih ex- 
plored, but no bony union wiih found between the riba that had been tied together 

with tho fnacia alripa. It wiih fell that thin, wiih due to the fact that the knota had 
poHHibly rtipped aoiuewhnt and the riba hud not been held in clone enough appo- 
aition. 

Kxt'l'.iilMKNT K13 (Oct, 15, 1020). — Suture of Olecranon With Livint/ Fascia; 
inciaion wiih made over the left elbow. The olecranon wiih unwed in two. IToIch 
were drilled through both fragmenta, and the fragmenta were aiitured together with 
a atrip of autogemiuH fnacia lata removed from the left, thigh. The wound wiih 
cloned, and a planter naat wiih applied. 

On Jan. 27, 11/27 (104 daya after operation), a Hpeeimen wiih removed. Tliere 
wiih evidence of firm union. N-ray allowed bony union (Fig. 1). MieroHcopie 
aeetion Hliowml the llliera of the implanted faaeia to lie intact in tlio drill IioIch, 
but there wiih no oHHilieatiim of (lie fawia (Fig. 7), although there wiih Home 
eacroucliniont on it hy new bone at (lie widen of tlio drill holes. 

Kxi'KIUm KNT K12 (Oct. 21, Jil2(i). — Suture of Olecranon With Preserved Fascia: 
Tim right olecranon wiih exponed and Hawed in two. If wiih then mitered with 
aleohol-prcHorved ox famon lata, UHing the tnuiio tcclmiipic an in the provioiia experi- 
irnmt. Tim wound wiih cloned, and the ruHt wiih applied. 

On Nov, 20, 1020, the cant had come otT. 

't’lic dog wiih examined on March 20, 11127. Fragmenta were nicely approximated, 
but there wiih possibly very alight motion. 

On May 25, 1027, there xvhh alight motion and obviously only liliroun union. 

On May 20, 1027 (7 montlm after operation), a apecimen wiih removed. X-ray 
allowed no bony union (Fig. 2). Microacopic aeetion allowed tile fnacia llbcrH to 
be intact., but there waa no oaHifieation of the fimcia. 
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transplanted in such a manner that they had no function to perform, but 
in most instances they were given the function of holding separated 
bony fragments together. 

Experimental . — The following is a record of some of the experiments. 
Experiments representing all the types of reactions obtained are given 
below. It is thought unnecessary to record each experiment in detail 
as this would entail a great deal of repetition. Dogs were used in all the 
experiments, and, whenever alcohol-preserved fascia was implanted, it 
was implanted on the right side of the animal, and likewise, living fascia 
was always implanted on the left side of the animal. This was done to 
avoid confusion in interpreting results. 


Experiment K1 (Oct. 17, 1935 ). — Fascia in Pubic Bone; Midline incision over 
symphysis pubis. The ramus of the pubic bone was exposed on the left side, just 
lateral to insertion of left reetus muscle. About one-third of the thickness of the 
bone was chiseled away, exposing the medullary cavity. A strip of rectus sheath 
was excised and sutured around the bone, the flat side of the strip lying in the 
chiseled notch. The muscle and subcutaneous tissue were then sutured over the site 
of the operation. The ramus of the pubic bone on the right side was then exposed, 
and an alcohol-preserved strip of dog fascia lata was sutured in a similarly chiseled 
notch on this side. The wound was closed. 

On Nov. 30, 1935 (44 days after operation), the dog was killed. The site of 
the fascial implantation was located on each side by the notch in the bone and 
by the silk sutures with which the strip was sutured in place. There was no callus 
formation. Very little fascia 'was seen in the notch on the left side, but a thin 
strip was visible on the right side. 


Experiment K2 (Nov, 7, 1935). — Fascia hi Femur: Left rectus incision. A 
piece of aponeurosis of the external oblique muscle was removed and split in two 
strips, one of which was placed in 70 per cent alcohol and the other in salt solu- 
tion. Incision was then made over the left femur, with a mesial approach. The 
femur was exposed, and a hole was bored through it. The strip of fascia, which 
had been placed in salt solution, was then placed through the drill hole and tied 
around the lateral surface of the femur. The knot was transfixed and sutured with 
black silk. The wound was closed. 

A similar operation was done on the right side, using t lie strip of fascia that 
had been dropped into 70 per cent alcohol at the beginning of the operation about 
three-quarters of an hour before. 

On Nov. 29, 1035 (22 days after operation), the dog died. Autopsy showed 
little evidence of the fascia remaining on each side. The holes in the bones were 
located on both sides, and the silk sutures showed the sites of implantation. There 
was no callus formation. 


EKIMEXT jy> (Nov. 14, 1935). — Fascia in .Scapula: Midline abdominal in- 
1 a large piece of rectus sheath removed. Half of fascia was placed in 
c ^ 0n ; — am i i, a lf in 70 per cent alcohol. The wound was closed, 
salt so u i ^ thpii turnc ,i over, and the left scapular region was prepared for 
'Hie °” r Ilc i S i 0 n was made over left scapula. The muscle was separated, and 
operation. ^ { j ic ceapuln was split with a saw in a longitudinal direction 

the posterior en^^^ Holes were ho red on each side of the slit, and a strip of 
for about l- ;> 111 ■' .; ( ,| ( | 1!lr j ),een placed in suit solution was threaded through 

. it, t i? f ...hi. 'TfiC 


rectus sheath from 
the holes and tied so as to 
wound was closed. 


steady the slit. The knot was transfixed with silk. 
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On Nor. 21, 1935, tlie Tight scapula was operated upon in exactly similar fashion 
to the operation done on the left scapula on Nor. 11, except that a strip of alcohol- 
preserred rectus sheath, remored from the dog at the first operation, was used 
instead of liring fascia. 

On Jan. 9, 1936 (49 days after the first operation and forty-two days after 
the second operation), both scapular regions were explored. A firm ridge of healing 
could be felt in the bone on each side. The fascia on each side was identified 
by the transfixed silk suture. The fascia had partially disappeared, but more was 
left on the right side than on the left. 

Experiment K5 (Dec. 14, 1935). — Sib Fusion Operation: An incision was made 
oxer the right ribs, at about the junction of the upper and middle thirds of the 
chest. Two ribs were exposed. The periosteum was cleaned off, and the muscles 
were remored from between them. The cortex was then remored from the adjacent 
edges of the two ribs, and the ribs were brought together by tying around them, 
in two places, strips of dog fascia remored a week preriously and preserred in 
70 per cent alcohol. The more anterior strip was tied around the rib twice. The 
wound was closed. 

On Jan. 25, 1936 (42 days after operation), the site of operation was explored, 
and the two ribs were found to be firmly fused by bony union. 

", Experiment' KG (Dec. 21, 1935).— Sib Fusion Operation: Two strips of fascia 
lata were remored from the left thigh, and the wound was closed. An operation 
exactly similar to that done in the prerious experiment was then performed upon this 
dog, except that?, living fascia removed from the thigh was used instead of pre- 
served fascia. -i,_ 

On Jan. 30, 1936 (40 days after operation), the site of the operation was ex- 
plored, but no bony union was found between the ribs that had been tied together 
with the fascia strips. It was felt that this, was due to the fact that the knots had 
possibly slipped somewhat and the ribs had not been held in close enough appo- 
sition. 

Experiment Kll (Oct. 15, 1936). — Suture of Olecranon With Living Fascia: 
Ineision was made over the left elbow. The olecranon was sawed in two. Holes 
were drilled through both fragments, and the fragments were sutured together with 
a strip of autogenous fascia lata remored from the left thigh. The wound was 
closed, and a plaster cast was applied. 

On Jan. 27, 1937 (104 days after operation), a specimen was remored. There 
was evidence of firm union. N-ray showed bony union (Fig. 1). Microscopic 
section showed the fibers of the implanted fascia to be intact in the drill holes, 
hut there was no -ossification of the fascia (Fig. 7), although there was some 
encroachment on it by new bone at the sides of the drill holes. 

Experiment K12 (Oct. 31, 1936). — Suture of Olecranon With Preserved Fascia: 
The right olecranon was exposed and sawed in two. It was then sutured with 
alcohol-preserved ox fascia lata, using the same technique as in the previous experi- 
ment. The wound was closed, and the cast was applied. 

On Nor. 20, 1936, the cast had come off. 

The dog was examined on March 20, 1937. Fragments were nicely approximated, 
but there was possibly very slight motion. 

On May 25, 1937, there was slight motion and obviously only fibrous union. 
On May 26, 1937 (7 months after operation), a specimen was remored. X-ray 
showed no bony union (Fig. 2). Microscopic section showed the fascia fibers to 
he intact, but there was no ossification of the fascia. 
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Experiment K13 (Nov. 10, 1936).— Living Fascia in Olecranon: Left olecranon 
was exposedjjcfiawed in two, and sutured as above, using a strip of autogenous fascia 
lata removeiDfrom the left thigh.- The wound was closed, and a plaster cast was 
applied. 

On March 20, 1937 (4% months after operation), a specimen was removed. 
Union appealed to be 'firm. X-ray showed fair apposition and some callus, but 
apparently no bony union from an x-ray standpoint, although clinically there was 
good bony union (Fig. 3), Microscopic sections showed osteoid tissue between the 
fragments, and, where the fascia traversed the bone, it had been largely replaced 
by bone (Fig. S). 

Experiment K14 (Nov. 12, 1936). — Preserved Fascia in Olecranon: The right 
olecranon was exposed, sawed in two, and then sutured by the technique described 
above, with? (a strip of alcohol-preserved fascia lata of dog. The wound was closed, 
and a cast was. applied. 

On Dec. 9, 1936 (twenty-seven days after operation), the dog died. Autopsy- 
showed union of the fragments, but there was possibly very slight motion, sug- 
gesting that union was not quite complete. X-ray showed partial bony union 
(Fig. 4). Microscopic sections showed osteoid tissue between the fragments, and 
the drill holes in the bone contained fascia running into the space between the 
fragments and containing osteoid cells (Fig. 9). 

Experiment Klo (Dec. 3, 1936). — Living Fascia in Olecranon: The left olecranon 
was exposed, sawed in two, and sutured in the usual manner with a strip of fascia 
from the left thigh of the same dog. The wound was closed, and a cast was applied. 

April 17, 1937. — Preserved Fascia in Olecranon: The right olecranon was ex- 
posed, sawed in two, and sutured in the usual manner with a strip of alcohol-pre- 
served dog fascia lata. The wound was closed, and a cast was applied. 

There was apparently firm union on both sides on May 25, 1937. 

On June 17, 1937 (6% months after the first operation and two months after the 
second operation), the dog was killed, and a specimen was removed from each elbow. 
Examination showed a wide separation of the fragments on the left side and fibrous 
union on the right side. X-ray of the specimens showed nonunion on the left side 
(Fig. 6), and incomplete union with some callus thrown out on the right side (Fig. 
5). Microscopic sections of the left elbow showed the fascia intact running through 
the bone and across the defect between the separated fragments. Sections from 
the right elbow showed osteoid tissue between the fragments and osteoid cells in the 
fascia running through the bone. 

Experiment K17 (Dec. 19, 1936). — Living Fascia in Olecranon: The left olec- 
ranon was exposed, sawed in two, and sutured in the usual manner with a strip 
of fascia lata removed from the thigh of the same dog. The wound was closed, 
and a cast was applied. 


Figs. 1 to 6. — Fig. 1 : Kit. Suture of olecranon with living fascia strips. Specimen 
removed and x-rayed 104 days after operation. Bony union. Fig. 2: K12. Suture of 
olecranon with preserved fascia. Cast came off in less than three weeks after opera- 
tion. Specimen removed and x-rayed seven months after operation. No bony union. 
‘ W. 3 : K13. Suture of olecranon with living fascia strip. Specimen removed and 
x-rayed 41- months after operation. Bony union not complete from an x-ray point of 
view, although clinically and microscopically (Fig. S) there was good bony union. 
* 18 ' , Sut ure of olecranon with preserved fascia lata. Specimen removed and 

- 1 “ays after operation. Partial bony union. Fig. 5: K15. Suture of right 
p tc serveci fascia lata strip. Specimen removed and x-rayed 3 months 
thrown out. Microscopic section of this specimen showed 
thl bonc Ri. b f ! th | f ra Sments and osteoid ceils in the fascia running through 
move arul l fe -Vave, 'n 5 7 Sutu . r , e of J« rt °l«=ranon with living fascia strip. Specimen re- 
mniohiliS-iti^n' Vto, 6 n ! onti,s aft -r operation. Nonunion, presumably due to poor 
through the hone»na C ? P,c i Tr Uo ! VA ot this specimen showed the fascia intact running 
through the bone and across the defect between the separated fragments S 
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Fjcs. 7 to 12. — Fijr. 7: KI1. Photomicrograph ;<ho\vimr iivinr. e. , 

bone 104 (lays after operation. So osslilcatlon of fascia V-rnv ? r '!~ rl ' n , ,lrl " 
bonv union. Fin. S: MS. /’ hotonilcronraph of specimen shown by 1 * r‘ „. 'V 
' ‘ la lias Iarpelj been replaced by osteoid tissue r.-iX n r Off- 

seen shown in FiC. 1. shmyinc ....n.. . F. 0. fvll, Photo. 
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Tbe - ' implanted' fascia lias larfieiv been repla red by osteoid tissue. 'par o".‘ "f- 
rnicrocrapb of specimen shown In l ie. I. showlne osteoid e. I|„ m f.iseiV s'trin 
"i7. Photomlcrocraph of specimen shown In Fie. 1.1. showing- osteoid if.,,.! 

Pie IT- K1S. Pbotomlcronranh of sicelnien Shown in Fie. 1 1 -howlr. - . Li. , 
•md faVeia Fip. 11': K23. Microscopic section of specimen oi,,;«n In *|? 
osteoid tissue between frapments (o) nnd also the fascia in the drill hoi i. Vl! 
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On Jan. 14, 1937 (26 days after operation), the dog died. He was apparently 
getting good union, but union was not complete. X-rav showed beginning of bony 
union (Fig. 13). Microscopic sections showed osteoid tissue between the fragments 
and also in the fascia strips running through the bone (Fig. 10). 

Experiment E11S (Dec. 19, 193G ). — Preserved Fascia in Olecranon: The right 
olecranon was exposed, sawed in two, and sutured in the usual manner, using a 
piece of alcohol-preserved fascia lata removed from the animal in experiment K17. 
The wound was closed, and a cast was applied. 

Ou Jan. 27, 1937 (39 days after operation), the dog died. A specimen was 
removed, and x-ray showed no uuion (Fig. 14). Microscopic sections showed osteoid 
tissue between the fragments, but more osteoid tissue in the fascia running through 
the drill holes in the bone. The original fascia could be seen encroached upon 
on all sides by osteoid tissue (Fig. 11). 

Experiment K19 (Jan. 21, 1937 ). — Living Fascia in Olecranon: The left olec- 
ranon was exposed, sawed in two, and sutured in the usual manner with a strip 
of autogenous fascia lata from the left thigh. The wound was closed, and a cast 
was applied. 

On Jan. 23, 1937, it was discovered that the cast had come off the previous day. 
Another cast was applied. There was considerable swelling of leg, but wound 
looked well. 

The dog was examined on March 20, 1937. Fragments were nicely approximated, 
but there was some motion. 

April 15, 1937 . — Preserved Fascia in Olecranon: The right olecranon was ex- 
posed, sawed in two, and sutured in the usual manner, with a strip of alcohol-pre- 
served dog fascia lata. The wound was closed, and a cast was applied. 

The dog was examined on May 25, 1937. There was firm union on the left side 
and apparently firm union on the right side. 

On June 17, 1937 (5 months after first operation and 2 months after second 
operation), the dog was killed, and specimens were removed. There was possibly 
slight motion on the left side, but none on the right. X-ray showed bony union 
of both sides (Figs. 15 and 10). Microscopic sections of left elbow showed osteoid 
tissue between the fragments, but the drill holes were not shown in the section. 
Sections of right elbow showed osteoid tissue present, but it was not clear whether 
it was in the drill holes, or between the fragments. 

Experiment K20 (Jan. 23, 1937 ). — Preserved Fascia in Olecranon: The right 
olecranon was exposed, sawed in two, and sutured in the usual manner with a strip 
of alcohol-preserved fascia lata removed from animal in Experiment K19 on Jan. 
21. The wound was closed, and a cast was applied. 

On Feb. 27, 1937 (35 days after operation), the dog died, and a specimen was 
removed by the laboratory technician. X-ray showed bony union (Fig. 17). Mi- 
croscopic sections showed osteoid tissue between the fragments. The fascia in the 
drill holes was still present unchanged and showed no osteoid tissue. 

Experiment K24 (Dec. 23, 1937 ). — Ox Fascia in Olecranon: The right olecra- 
non was exposed, sawed in two, and sutured in the usual manner with a preserved 
strip of ox fascia lata (commercially prepared).* The wound was closed, and a 
cast was applied. 

The dog was examined on Jan. 27, 193S. Fragments were in apposition, and 
apparently good union was in progress. 

On March 10, 1938 (<G days after operation), a specimen was removed. Firm bony 
union was found on gross examination. X-rav showed firm bonv union with ap- 
parently beginning calcification of the fascia strips going around the olecranon 
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Experiment K25 (March 19, 193S).— Ox Fascia in Olecranon: The right olec- 
ranon was exposed, sawed in two, and sutured in the usual manner with a strip 
of preserved ox fascia lata (commercially prepared),* which had been removed 
from the tube in which it had been put up and soaked in 70 per cent alcohol since 
Dec. 1G. The wound was closed, and a cast was applied. 

On May 7, 193S (49 days after operation), the dog was killed. Gross examina- 
tion showed good bony union. X-ray also showed bony union (Fig. 19). Micro- 
scopic sections showed osteoid tissue between the fragments and also in the fascia 
in the drill holes (Fig. 12). 


DISCUSSIOX 

In these experiments, where conditions were similar, the fate of living 
fascia strips and preserved fascia strips when implanted in hone was 
exactly the same. In suture of the olecranon both with living and 
preserved fascia strips bony union was obtained in all of the cases 
where immobilization was completed during the healing process. In our 
first experiments we did not apply casts and found that invariably 
we got fibrous union with both types of fascia. In the later cases in 
which we obtained fibrous union, it always occurred in instances in 
which we were not able to keep the cast on for the proper length of 
time. (Dogs tend to chew their casts off, and it is often difficult to keep 
casts on them.) 

Both the living and preserved fascia strips used as suture material in 
bone underwent ossification at variable periods of time, the earliest time 
observed being twenty-six days. It is probable that the process begins 
much earlier than this. It seems that the better the fragments are 
apposed and immobilized, the earlier ossification takes place. In one 
case in which living fascia had been used as suture, and in which there 
was poor immobilization with consequent nonunion, the fascia strip was 
present unchanged in the drill holes five months after operation, and, 
in a similar case in which preserved fascia had been used, it was present 
unchanged seven months after operation. 

In cases in which fascia was placed in bone, but given little or no 
function to perform (Experiments Kl, K2, and K3), there was no 
ossification whatsoever, and almost complete absorption of the fascia 

•Johnson & Johnson, Xew Brunswick, X. J. 


Figs. 13 to 19. — -Fig. 13 : KIT. Suture of olecranon with living fascia lata strip. 
Specimen removed and x-rayed 26 days after operation. Apparently getting good union, 
though not yet complete. Fig. 14 : K1S. Suture of olecranon with preserved fascia 
lata strip. Specimen removed and x-rayed 39 days after operation. Apparently no 
union, although microscopic sections showed osteoid tissue between the fragments and 
more osteoid tissue in the fascia running through the drill holes in the bone. Fig. 15: 
K19. Suture of right olecranon with preserved fascia lata strip. Specimen removed 
and x-rayed 2 months after operation. Bony union. Microscopic sections confirm this. 
Fig. 16 : K19. Suture of left olecranon with living fascia strip. Specimen removed 
and x-rayed 5 months after operation. Bony union. Microscopic sections confirm the 
diagnosis. Fig. 17 : K20. Suture of olecranon with preserved fascia lata strip. Speci- 
men removed and x-rayed 35 days after operation. Bony union. Microscopic sections 
confirm this. Fig. IS: K24. Suture of olecranon with ‘ox fascia lata (commercially 
prepared). Specimen removed and x-rayed 76 days after operation. Bonv union. Fig. 
19: X25. Suture of olecranon with ox fascia lata (commercially prepared) Specimen 
removed and x-rayed 19 days after operation. Bony union. 
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(both living and preserved) in comparatively short periods of time. 
This is not in accord with the conclusions of Kernwein, Fahey, and 
Garrison, 4 who state that “lack of function had no- demonstrable effect” 
on the fate of fascia in bone. However, it is in accord with the conclu- 
sions of Kehn, 6 - and of Lewis and Davis, 7 published in 1910 and 1911 
respectively. These authors demonstrated that grafts of tendon and 
fascia behave quite differently when they are given a function to per- 
form than when they are simply implanted into subcutaneous tissue. 
When given a function to perform, they do not show any tendency to be 
absorbed. When implanted in subcutaneous tissue, they rapidly de- 
crease in size, do not readily hare the circulation re-established, and be- 
come surrounded by phagocytes and round cells. This work was not 
done with bone, but our experiments would seem to indicate that fascia 
behaves in the same way in bone, so far as absorption is concerned, 
as it does elsewhere. 

CONCLUSIONS 

1. Good results were obtained in suturing fractures of the olecranon 
in dogs, using both living and alcohol-preserved fascia strips, provided 
the parts were properly immobilized. 

2. No distinction could be made between the results obtained in the 
two types of fascia used, either functionally, or in so far as shown by 
gross, microscopic, and x-ray examinations. 

3. Ossification of both types of fascia, by replacement of fascia by in- 
growing bone, occurred as union of the fragments was accomplished. 

4. In cases in which immobilization was incomplete, resulting in 
fibrous union, both types of fascia were found intact months after im- 
plantation. 

5. When fascia (both living and preserved) was implanted in hone, 
with no function to perform, rapid absorption took place. 
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STUDIES ON SHOCK* 

III. Variability of the Shock Syndrome in Toxic Drug Shock 

P. Neo-welt, M.D., S. 0. Levinson, M.D., and H. Necheles, M.D., Ph.D., 

Chicago, III. 

(From the Department of Gastro-Inteslinal Desearch and the Samuel Deutsch-Serum 
Center, Michael T.cese Hospital ) 


W E HAVE been interested in the condition of hemorrhage and shock 
and its treatment by various infusions. 1 ’ 2 Animal experiments 
were performed in which profound shock was produced by various 
means. The main criteria employed in determining and evaluating the 
severity of shock were low blood pressure, acidosis, as expressed by blood 
C0 2 , and kemoeoncentration, as expressed by hemoglobin values. The 
blood pressure reflects the state of vasomotor tone, the blood C0 2 
the state of tissue oxygenation (and indirectly the adequacy of the 
peripheral circulation), and the hemoglobin values indicate the plasma- 
cell ratio and changes in the degree of capillary permeability. In non- 
anesthetized animals the additional clinical symptoms of prostration, 
labored respiration, defecation, urination, etc., were recorded. We were 
impressed by the observation that an animal could present the typical 
clinical picture of shock without the presence of all three criteria stated 
above ; also that no one of these criteria by itself could be expected to 
indicate the presence or degree of shock. Moony in his recent mono- 
graph, defines shock as “a circulatory deficiency not cardiac nor 
vasomotor in origin, characterized by a decreased volume of blood, re- 
duced cardiac output (volume flow of blood), and by hemoconcentra- 
tion” (page 1ST), and at another point makes the statement that “hemo- 
concentration is the earliest detectable manifestation of shock as well 
as the most accurate index of its severity” (page 184). Our experience 
did not confirm this point. In a number of experiments we observed 
that no appreciable hemoconcentration occurred despite death of the 
animal from experimental shock; whereas, in other experiments definite 
hemoconcentration developed during shock and yet the animal recovered 
from a state which might be classified as extremely severe when judged 
by the degree of hemoconcentration. 

We employed various drugs in order to produce shock: histamine, 4 
peptone,” croton oil, and anesthesia.® There was no constancy in the 
effects of the above drugs when used on anesthetized and unanesthetized 
dogs,’ nor was there any constant correlation between the dose of the 
drug and the production of shock in the individual animal in our forty- 
six experiments. 

METHODS 


Dogs raping in weight from 10 to 25 kg. were employed. In one group of ani- 
mals the right carotid artery was cannulated under light ether anesthesia for the 
purpose of obtaining blood samples and recording blood pressure.! Several hours 
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ivere allowed to elapse for recovery, so that unaiiesthefized dogs were used. In an- 
other group all experiments were done on dogs anesthetized with sodium pento- 
barbital or morphine-ether. Histamine and peptone, dissolved in small quantities 
of saline solution, were injected intravenously. The croton oil was suspended in 
olive oil and administered intraperironeally. 

RESULTS 

Table I summarizes data of representative experiments. The results 
are arranged according to the agent employed to produce shock. 
Histamine and croton oil were given to unanestlietized dogs and blood 
pressure was measured with a tyeos anaeroid gauge by means of which 
systolic and diastolic levels were recorded; other experiments were clone 
under anesthesia and the mean arterial pressure recorded (mercury 
manometer). Anesthesia per se may cause the development of the shock 
syndrome, 0 necessitating a series of control experiments with sodium 
pentobarbital or morphine-ether anesthesia only. 

Experiments 1 and S represent the typical shock syndrome ; following 
administration of histamine or peptone, blood pressure and arterial CO- 
fell progressively while hemoglobin values rose until death. On the 
other hand, the animals in Experiments 3 and 10 died in shock and, 
.yet, no hemocoucentration occurred. In Experiments 6 and 7 marked 
hemoconeentration resulted without particular fall in blood pressure 
or arterial CO-. In Experiment 4 blood pressure and hemoglobin were 
not appreciably altered in the presence of profound shock, wherein 
acidosis was the outstanding feature. In Experiment 11 marked acidosis 
occurred early, and only as the experiment progressed did blood pressure 
fall and a moderate hemoconeentration appear. 


DISCUSSION 


Histamine and peptone are powerful capillary poisons, paralyzing 
capillary tone and increasing the area of the vascular bed. Histamine 
would seem to be the ideal agent for the production of shock. It is a 
pure substance which can be given in concentrated and accurate amounts. 
Yet the results obtained with dogs were extremely variable; one animal 
would pass into a state of profound shock from a given dose of histamine; 
another scarcely would he affected. Efforts to produce comparable do- 
Trees of shock by repeated doses or constant injection of histamine also 
failed for the results were inconstant. In the “histamine experiments” 
listed in Table I, all dogs were in profound “shock” after the injection 
f histamine, but the subsequent course and outcome were extremely 


T> C tone was even more unreliable in its action Ilian histamine. In 
iCP 'mnkmodcratc doses did not cause shock, while large doses often 
me ‘V;‘ an irreversible and incurable* decree of shock, 
suited ^ lC i n j c< .tion of such large doses of both histamine 
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and increased permeability of the capillaries and consequent loss of 
plasma from the circulation. However, in these experiments the extent 
of liemoconcentration varied between 0 and 4+* and bore no constant re- 
lationship to the severity of the shock. Death at times occurred without 
evidence of liemoconcentration at any stage in the development or 
progress of the shock syndrome. Hemoeoncentration was not a reliable 
or constant feature of shock in our experience. 

Doses of croton oil above 0.05 c.c. given intraperitoneallv had an in- 
tensely irritative effect upon the peritoneum, producing first a copious 
serous and later an actual hemorrhagic exudate. The effects of this 
exudation were reflected in the hemoeoncentration present in all of these 
experiments. In all experiments with croton oil the blood pressure 
began to drop only terminally. A moderate degree of acidosis oc- 
curred in experiments 5 and 6; none was noted in Experiment 7. 

Nine control experiments were performed in which dogs were anes- 
thetized with sodium pentobarbital or morphine-ether in order to 
determine the effects of these agents per se on the dogs. Only two of 
these animals developed shock and died as a result of anesthesia. Hemo- 
concentration developed in all eases, and, although alkali reserves fell 
moderately, acidosis appeared only in the two animals which expired. 

SUMMARY AND CONCLUSIONS 

1. The production of shock hv histamine, croton oil, and peptone is 
extremely variable both in anesthetized and unanesthetized dogs. 

2. No correlation seems to exist between the degree of shock and 
dosage of drug employed in different dogs. 

3. Even when profound shock is produced, changes in blood pressure, 
alkali reserve, and extent of hemoeoncentration vary widely from experi- 
ment to experiment. 

4. Profound or even fatal capillary shock may occur without the de- 
velopment of hemoeoncentration at any stage of its course. 
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STAPHYLOCOCCIC SEPTICEMIA 


Treatment by Chemotherapy and Serotherapy 


Samuel L. Goldberg, M.D., and Ernest D. Bloomenthal, M.D. 

Chicago, III. 

(From the Surgical Service, Michael Feese Hospital) 


INVASION of the blood stream by the staphylococcus is a very serious, 
though infrequent, condition. Reported mortality rates vary between 
66 per cent 1 and 91.4 per cent, 2 and Reimann, 3 reviewing large groups of 
cases, strikes an average of 79 per cent. Recent reports 2 ' 4-10 of the use 
of newer therapeutic agents seem to give promise of lowering these fig- 
ures. Five patients with staphylococcus bacteremia have been under 
the care of one of us (S. L. G.), 1 in 1934, 1 in 1936, and 3 in 1939 
(Cases 1, 23, 27, 29, and 30). These have all survived. The other 3 
patients with this condition treated at Michael Reese Hospital in 1939 
also survived. These encouraging results, as well as the recent promising 
reports, prompted us to review all the instances of staphylococcus septi- 
cemia treated at the hospital during the years 1934 to 1939, inclusive. 

This series includes 32 cases* of staphylococcemia, 19 males and 13 
females, in which 14 died. The total mortality was 43.95 per cent 
(Table I). In each the diagnosis was established by recovery of the 
organism from the circulating blood stream in pure culture at least 
once. Twenty-six were Staphylococcus aureus, and 6 were Staphylo- 
coccus albus. In 23 patients it was recorded that the organism was also 
recovered from the primary or metastatic focus or both. 

The condition is not. very common. This is borne out by the incidence 
of only 32 known and proved cases from a total of 98,825 admissions to 
the hospital over a six-year period. There can he little doubt, however, 
that the occurrence of staphylococcus bacteremia is much more frequent 
than is commonly believed. The great majority of osteomyelitis probably 
follows bacteremia, and it is not unlikely that some patients with mul- 
tiple furunculosis also have bacteremia, very transient though it may be. 
Staphvlococcus septicemia is encountered less frequently limn the strep- 

‘ ". , nr j e {,v Stevens” gives the ratio of 2:3; Jlosenow ami Brown,’ 

I 0 ' 0 !? Mcndell, 12 as 1:2.3. The mortality, however, has usually been 
Sported hirin'/ than that from streptococcus septicemia, and in our 


rrcunJ *» of th*'lr 



GOLDBERG AND BLOOMEXTHAL : STAPHYLOCOCCIC SEPTICEMIA 509 


experience the duration and the pyemic complications have made the 
staphylococcic type the one to he dreaded. 

One must assume that the natural defense against such a prevalent 
organism must he very efficient in order to prevent more frequent in- 
vasion of the hlood stream. The skin and upper respiratory tract are 
constantly exposed and are subject to frequent subminimal infections 
through minute abrasions. It has been demonstrated that painting the 
pharynx 'with staphylococci or their toxins promotes the formation of 
antitoxic substances in the body. 13 These are probably the usual means 
by which a certain antitoxic titer is maintained in the human being. 
Beichel 14 has shown in experimental animals that, after intravenous in- 
jections of Staphylococcus aureus, the body defense mechanism can 
rapidly sterilize the blood stream. 

According to Stookey and Scarpellino, 2 the exotoxin elaborated by 
the staphylococcus can be broken up into several factors, leucocidin, 
hemolysin, coagulase, a dermoneerotic element, and a lethal toxin. The 
injection of small amounts (0.5 to 1 c.c. per kilogram of body weight) 
of this toxin is sufficient to kill experimental animals. These factors of 
the exotoxin probably account for the sequence of events in invasion 
of the blood stream through the medium of mycotic emboli arising from 
the primary focus, and possibly reinvasion from the metastatic foci 
elsewhere in the body. The amount of toxin in the circulating blood 
stream cannot as yet be measured. Parish and his associates 15 described 
a method of titration of the antitoxic content of the blood and showed 
experimentally that with the antitoxic level elevated the animals sur- 
vived injections of lethal doses of toxin. Bobertson 16 and Weaver 17 
have found titration of the antitoxic level in the blood to be of value clin- 
ically, especially in prognosis. 

In our series the organism entered the body through various portals, 
of which the skin was the most frequent. The initial skin lesion may be 
small enough to evade the most careful search. In 9 of our 32 cases 
the first focus is recorded as osteomyelitis ; these may have been of such 
an origin. In 14 others the skin focus was known, 11 carbuncles or 
furuncles, 1 infected bulla, 1 laceration, and 1 infection secondary to 
tricophytosis of the feet. Upper respiratory tract infection preceded the 
bacteremia in 6 cases, and in 1 case each the origin was puerperal sepsis, 
urinary tract infection, and a postoperative infection of a nasoplasty 
incision. 

There was considerable variation in the period of time between the 
appearance of the initial focus of infection and the manifestations of 
blood stream invasion. In 4 patients there were early symptoms so 
alarming as to prompt taking blood for culture within forty-eight hours 
of the known onset of the initial lesion, and in the rest this period varied 
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up to a maximum of several weeks. There are several factors which may 
account for this. Different strains of organisms vary in their virulence. 
The organism may he introduced directly into the blood stream, as by a 
puncture wound, or into tissues which may react rapidly to prevent 
spread. Whether some strains of bacteria produce a toxin rich in coag- 
ulase so that there is thrombosis and early release of mycotic emboli is 
a matter of speculation. 
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CLINICAL PICTURES AND CASE REPOBTS 

The clinical pictures merit some detailed description, though in 
many respects they followed the patterns previously described by many 
authors. All patients have had temperatures; the ones who died in- 
variably had temperatures above 104°. Toxemia was evident in all, 
marked in many. Chills were common and severe. 

Three patients had a surprisingly benign clinical course, with symp- 
toms that were not pronounced, and relatively low temperatures. An 
example of this is Case 20 (Fig. 1). 

Case 20. — A 50-vear-old female was admitted to the hospital on Sept. 29, 193S. 
She had sustained a laceration of her right leg three weeks previously, and it had 
healed rapidly and uneventfully. On the day before admission her temperature rose 
to 102°* and she complained of pain in the right iliac region and in her left hip. 
There were no abnormal physical findings except tenderness in these areas. The 
pain and fever persisted, and on Sept. 30, because of the history, symptoms, and 
indeterminate fever, blood was drawn for culture. Hemolytic Staphylococcus aureus 
was recovered in pure culture. Sulfanilamide was given, 120 gr. in twenty-four hours 
for four days, and the dose was then reduced to 80 gr. in twenty-four hours. There 
was little change in the clinical picture. On Oct. 14 the blood sulfanilamide level was 
4 mg. per 100 c.c. On Oct. 6 and 9 Staphylococcus aureus was again grown in pure 
culture from the blood. On Oct. 12, 40,000 units of staphylococcus antitoxin were 
given intramuscularly. Transient urticaria followed. On Oct. 17, 60,000 units of 
staphylococcus antitoxin and 600 c.c. of blood were given intravenously. This was 
followed by some improvement in the general condition and a reduction in tem- 
perature to about 101°. On Oct. 17 and 27 staphylococci were again reported grown 
in pure culture from the blood. During this period there was slow but gradual im- 
provement, and on Nov. 7 culture of the blood proved sterile. The temperature 
dropped to normal by lysis, and on Nov. 12 the patient was well enough to be sent 
home. 

The clinical course in ten patients was moderately severe, with tem- 
peratures of at least 102 to 103°, toxemia, and mild anemia. These re- 
quire no detailed reports. The course in the 19 severely 311 patients was 
fulminating in 11 and protracted in 8. Two examples of fulminating in- 
fections merit 1 ’eport in some detail. 

Case 31. — (Fig. 2.) A 24-year-old female had a nasal plastic repair on April 18, 
1939. Forty-eight hours later her temperature rose to 101.2° R., and she had severe 
pain at the site of operation. There was some diffuse swelling and redness of the 
nose. Sulfanilamide was given in 15 gr. (1 Gm.) doses four times daily. The 
temperature rose gradually, reaching 103.4° on April 26. At this time Staphylococcus 
albus in pure culture was reported grown from blood taken for culture on April 24. 
On April 26 she had a chill; her temperature rose to 105° and she was much more 
toxic. The dosage of sulfanilamide was increased to 120 gr. (6 Gm.) daily, but 
the toxicity and temperature persisted, temperature readings reaching 105° on 
April 28 and 29. Blood sulfanilamide levels were 4 mg. per 100 c.c. on April 27, 
an< * (U> m ^' !>er 100 c - c - on April 28. On April 29 a repeat culture of the blood 
•All temperatures are in degrees Fahrenheit and were taken by rectum. 



514 


surgery 


again revealed Staphylococcus alhus At tin, r 
aiiamide was stopped, and sulfanvr.Vl.A ,Ile administration of sulfa- 
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venously. That night her temperature rose MO **?«** Wre i*™’ 
where at remained. On May 1 blood „ if ° d tllen dropped to normal, 
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covered. At no time was there more than a slLht ° SP , ltal °“ 7 > fl % «• 

an a slight serous disnhnror A +i,« 



Case 30.-(Fig 3 .) A 1 0-year-old male had a small carbuncle on his neck for 
one week prior to his admission to the hospital on Pel,. 12, 1 His temperature 


was 102.S° P., and the family was told that the fevi 


er seemed out of proportion to the 


size and appearance of the lesion. That afternoon, under ethvlene anesthesia crucial 
incisions were made and frank pus was evacuated. Culture of this 


pus revealed 


Staphylococcus aureus. In the next twelve hours the patient had three chills and 
the temperature rose to 101°. The boy vomited several times and was very toxic 
becoming irrational at intervals. His leucocyte count was only o„Oon. u> />), ,j mt ’ 


we were dealing with a fulminating septicemia, probably staphylococcic, and blood 
was drawn for culture. Vigorous treatment was instituted without delay. He was 
30 gr. (2 Gm.) of sulfnpyridinc by rectum every four hours, he received 


g' v 


250 c.c. of blood by indirect transfusion, following which a total of 7 


10,000 tinftji 


of staphylococcus antitoxin was administered Intravenously, diluted i„ saline solu 
tion, in the succeeding eight hours, fifteen minims of adrenalin solution (7:1,0(10) 
was given with this because of the patient s known allergy. His temperature reached 


106.0° 


that night, then dropped rapidly to normal, and remained there ixrcpt for a 
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slight transient rise two days later. At this time Staphylococcus aureus in pure 
culture was reported grown from the blood. Vomiting stopped promptly, permitting 
oral administration of 60 gr. (4 6m.) of sulfapyridine in divided doses daily for 
the next two days. It was then stopped because of the rapidly improving general 
condition, the blood sulfapyridine level being 5.1 mg. per 100 c.c. on Feb. 15. There 
was a rather unpleasant urticaria from the seventh to the tenth day and a daughter 
furuncle in the neck which was drained, but otherwise the patient 7 s convalescence was 
uneventful. 
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Fig. 3. — Temperature, laboratory data, and treatment in Case 30. 


An example of a patient with a severe, protracted clinical course fol- 
lows : 

Case 23— An 8-year-old female entered Michael Reese Hospital on Dec. 19, 1936. 
There was a history of a cold, fever, sore throat, and cervical adenitis for two weeks. 
On admission she was acutely ill. Her temperature was 102° F.; pulse, 116; and 
respiration, 28. Her throat was edematous and injected, and there were numerous 
enlarged, tender, cervical lymph nodes. Examination of the cars, chest, abdomen, 
and extremities revealed nothing abnormal. Red blood count was 4,000,000; hemo- 
globin, 80 per cent; and leucocyte count, 30,000. The urine was scant in amount, 
smoky, and contained albumin. Microscopic examination of the sediment showed 
eight to ten erythrocytes and two to four leucocytes per liigli-power field. 

During the next few days there was little change in the patient’s general con- 
dition. The urine became more smoky and then definitely bloody. On Dee. 23 
the edematous, bulging parapharyngeal space on the right side was incised, but Vg 
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pus was obtained. The temperature ranged between 101 and 104°. On Dee. 24 the 
patient complained of pain which persisted in the right chest and flank. On Dec. 2S 
there was induration over the fifth rib in the right anterior axillary line. On Dee. 30 
this became fluctuant and was incised. Frank pus was obtained from beneath the 
periosteum of this rib. Staphylococcus aureus was grown in pure culture from the 
blood drawn on Dec. 28, as well as from the pus from the subperiosteal abscess of 
the rib. 

On Jan. 2, 1937, aspiration of the patient’s right pleural cavity confirmed 
the presence of an empyema, and closed drainage was instituted. Staphylococcus 
aureus was grown from another specimen of blood on Jan. 2. The patient’s con- 
dition became progressively worse. Perinepliritic or liver abscess was suspected 
because of upper abdominal tenderness and distention and continued hematuria and 
albuminuria. There was some edema, particularly of the extremities. The tem- 
perature was septic in character, ranging from 99 to 105°, and the prognosis seemed 
almost hopeless. On Jan. 15, 10,000 units of staphylococcus antitoxin were given 
intravenously. This was followed by an anaphylactic reaction of such severity that 
no further antitoxin therapy was attempted. By Jan. 17, about six weeks after 
onset of the illness, a large fluctuant mass localized in the lower abdominal wall. 
This was incised, and about 300 c.c. of pus was evacuated. There was little change 
in the desperate general condition for the next several weeks. The patient was given 
a total of twenty-one small blood transfusions, one every few days, during this 
critical phase of her illness. On Feb. 16 and 17 examination of the ocular fundi 
established that the right jugular vein was thrombosed. On Feb. 18 surgical ex- 
ploration of the vein confirmed the thrombosis; it was ligated, and a section was 
excised for histologic examination. At the same time the right perinepliritic and 
subphrenic spaces were explored, and multiple miliary abscesses of the liver and 
right kidney were found. During the next several weeks there was a slight but 
gradual general improvement. The pulse rate dropped from about 160 to about 
140, and the temperature averaged between 102 and 103° instead of between 103 and 
104°. The empyema cavity was smaller, but the rib drained profusely and sequestra- 
tion was evident in the roentgenograms. Hematuria and albuminuria decreased 
gradually. Blood cultures were repeatedly positive, with the exception of one 
sterile specimen drawn on Feb. 19. On Feb. 27 blood drawn for culture was sterile, 
and the blood remained so on several subsequent examinations. 

On March 6 the entire necrotic fifth rib was removed, and flic small residual 
empyema cavity was unroofed. After several stormy days definite improvement 
became noticeable and continued slowly, until on May 4 the child was sent home, 
although a low-grade temperature and a pulse of about 120 persisted. 

In April, 1938, the child was readmitted to the hospital with severe back pain 
and fever After two weeks an abscess localized and was drained. Staphylococcus 
aureus was grown in pure culture from the pus. Repeated cultures of the blood were 
After a protracted course of three months the patient left the hospital, 
present time it seems that the child has made a complete recovery. 

mortality 


The lower mortality rate (25 per cent) in the children under JO years 
T commi'ed with the adults in our series (Table II) parallels 
of age as ^ ot j )C1 . authors, as does the lower death rate 

in t ], at group of patients with assoeiated ostcomy. 
(Table HI)- 


cent) 


(23.0 per 


elitis' 
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Table II 

Distribetiox axd Mortality is Various Age Groups 


AGE 

XO. OF CASES 

DIED 

RECOVERED 

PER CEXT 

mop.tality 

Under 1 vt. 

3 

2 

1 

66.6 

1-10 at. 

9 

i 

8 

11.1 

10-20 it. 

S 

3 

5 

37.5 

20-30 vr. 

5 

3 

2 


30-40 vr. 

i 

1 

0 


40-50 vr. 

2 

1 

1 


50-60 It. 

i 

0 

1 


60-70 vr. 

3 

3 

0 


Totals 

32 

14 

18 

| 44.0 


There were no deaths in the patients whose clinical courses were 
relatively benign or moderately severe. On the other hand there were 
8 deaths in 11 patients whose clinical courses were severe and fulminat- 
ing. It is significant that the 3 recoveries in this group (Cases 30, 31, 
and 32) were the patients who received early and adequate treatment 
with both sulfapyridine and staphylococcus antitoxin. In the 8 patients 
whose clinical courses were severe and protracted there were 6 deaths. 
The 2 patients who recovered received only supportive therapy and are 
striking illustrations of the fact that even before the advent of specific 
therapy there were occasional recoveries from this condition. Of the 
14 deaths, 9 occurred within two weeks, 3 within two to six weeks, 1 
after nine weeks, and in 1 the history of onset was unobtainable. 


Table III 

Mortality ix Cases With axd Without Osteomyelitis 



TOTAL 

RECOVERED 

DIED 

PER CENT 





MORTALITY 

Osteomyelitis 

17 

13 

4 i 

23.5 

Ndnosteomyelifis 

15 

5 

10 

66.6 


Associated diseases, of course, exert an unfavorable influence on re- 
covery. In our series the following complicating conditions were en- 
countered: syphilis in 2 instances, diabetes mellitus in 3, renal infection 
and urosepsis in 1, and marked arteriosclerosis and coronary sclerosis 
in 1. In the group of patients with these diseases the mortality, as 
might be expected, was high (80 per cent). 

TREATjtEXT 

Observation and study of the clinical course of the patients in our 
series lead us to believe that, although staphylococcus septicemia is a 
serious illness, there are some patients who recover without specific 
therapy and other patients who will die in spite of any therapy known 
at the present time. The majority of eases probably fall in a group that 
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arc amenable to newer methods of specific therapy and may not have boon 
benefited by older methods of nonspecific supportive treatment. 

It lias been very interesting to follow the trend in the treatment of 
staphylococcus bacteremia during the past few years. Until several 
} ears ago treatment was mainly supportive. In our series 8 patients 
received only supportive therapy. The mortality rate was fi7.fi per rent 
(Tabic I) in this group. This figure cannot he compared with those 
in other reports because of the small number of cases in our study. 
Supportive treatment consisted of rest, sedatives, adequate fluids given 
orally, parenterally, or both, blood transfusions to transfer antibodies 
as well as to combat anemia, and attempts at chemotherapy with various 
dye antiseptics. Treatment of local lesions by rest, heat, and incision 
and drainage of collections of pus, of course, was carried out. Associated 
disease processes were treated; o.g., diabetes mcililus, syphilis, renal 
disease, etc. 

Jtl our series various other types of treatment were used, some specific, 
some nonspecific. These included, among others, tin preparations, 
staphylococcus toxoid, bacteriophage, and transfusions of blood from 
immune donors. There have been several ease reports claiming beneficial 
effects following the use of toxoid and bacteriophage. It is impossible 
to draw any conclusions regarding their efficacy because of their limited 
use. Theoretically, blood transfusions from immune donors, if avail- 
able, might lie beneficial in the severely ill patients, In contrast to our 
experiences and results with the use of immune human serum or blood 
in streptococcic septicemia. 1 ' we observed no striking or encouraging re- 
sults following our limited use of immune human blood in staphylo- 
coccic septicemia. Furthermore, the difficulty of obtaining such blood 
in sufficient quantities is great enough to render such therapy imprac- 
tical, especially inasmuch as- specific immune bodies are readily obtain- 
able in the form of commercial antitoxin. 


With tin' advent of .sulfanilamide, this drug was employed in the 
treatment of staphylococcus septicemia with the hope that it would he 
of as iinieh value as it is in tin- s! reptoeo-ciis infections. S’nffaniiamidc 
alone was used in treating ti patients. All of flow on-os terminated 
fntallv Six other patients acre treat*. 1 v. ith sulfanilamide in mm- 
lunation with staph* lo.-o.-cu- antitoxin, and. of tie.-.. 4 t*d 

(Table IK H did tmt appear that sulfanilamide had en> ' 

. .1 . itvcMiwut of stnnhx hc-o-eiu -ej.fj,-. m-., S.-v.r.d i "ht.-d 

''m’-c r-:’ ■ 
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Fifteen patients, of whom 11 were 14 years of age or less and 4 more 
than 14 years old, were treated with staphylococcus antitoxin, either 
alone, or in combination with sulfanilamide or sulfapyridine (Table 
IV). Formerly, severe serum reactions following administration of 

Table TV 


Mortality ix Cases Treated With Staphylococcus Axtitoxix* 



NO. OF 

CASES 

OSTEO- 

MYELITIS 

XONOSTEO- 

MYELITIS 

MORTALITY j 

1 

TOTAL 

mortality 

OSTEO- 

MYELITIS 

XOXOSTEO- 

MYELITIS 

Antitoxin alone 

c ' 

4 

2 

i 

2 

50.0% 

Antitoxin with sul- 

G 

4 

O 

i 

i 

33.3% 

fanilamide 







Antitoxin with sul- 

3 

0 

o 

•J 



0 % 

fapyridine 







Totals 

15 

S 

7 

2 

3 

33.3% 


•See text for age distribution. 


antitoxin deterred us and other physicians from its use. Recent refine- 
ments by purification and concentration have reduced the incidence and 
severity of these reactions. Other authors believe that the use of anti- 
toxin has reduced mortality to about 50 per cent. 2, 4 • 3 * ,9 ’ 20 In our series 
of 15 eases there was a total mortality rate of 33.3 per cent. In the 
younger group there were 3 deaths, a mortality of 27.33 per cent; and 
of the 4 adults 2 died, a mortality of 50 per cent. Our experience, 
particularly in the more recent cases, where larger doses of antitoxin 
were employed (100,000 to ISO, 000 units), leads us to believe that anti- 
toxin is of definite value and that it. should be administered early in 
sufficient dosage. Possibly the use of larger dosages and further im- 
provement in the preparation will increase its effectiveness. The initial 
dose in adults with severe infections should be at least 100,000 units, fol- 
lowing sensitization tests and desensitization where necessary. AVe used 
the intravenous route and found that, if the antitoxin is diluted in saline 
solution, the reactions are not so frequent or severe. It should be given 
slowly over a period of several hours. In patients with allergic back- 
grounds or histories of allergic manifestations, adrenalin solution in 
small doses should be given at the same time. Further administra- 
tion of antitoxin depends upon the clinical picture. Daily doses should 
be given, usually in decreasing amoiuits, until the subsidence of mani- 
festations of the acute phase of the infection. 

Sulfapyridine was used in the treatment of all 6 patients with 
staphylococcus septicemia admitted to the hospital during 1939. In 3 of 
the patients sulfapyridine was combined with staphylococcus antitoxin. 
AYe have reported 2 of these cases. 7 in which a deliberate therapeutic 
trial of sulfapyridine was made. Fo other specific therapy was used and 
both patients recovered. Complete recovery in this group of six consecu- 
tive eases (Table I) is very significant. 
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IJii' initial do.se of the dn jg used was approximately lf> grains per 
pound ho(]y weigh) each f wen fy- four hours. This (lose was continued, 
maintaining a sulfapyridine level in tlic circulating blood stream of at 
least (J.O nig. per cent, prelerably between G.O mg. and 9.0 nig. percent, 
the drug can be given reef ally, and a soluble form is now available for 
subcutaneous and intravenous use. 11 Wo have administered it by rectum 
on several occlusions and have found it effective. With subsidence of 
symptoms, the dose should be gradually reduced. 

Mild toxic cheats of the drug sue b as nausea and vomiting are en- 
countered frequently, apparently without relation to the dosage or to the 
drug blood level. They are probably of central nervous system as well 
as of gastrointestinal origin." Cyanosis is frequent, especially with 
high blood levels. Skin rashes and tingling of extremities are also occa- 
sionally seen. The more serious manifestations are fortunately less com- 
mon and arc thoroughly discussed in other publications ." 1 23 TVe have 
not encountered them in our experience and would not let them deter 
us from (lie use of this drug in a disease as severe and fatal as staphylo- 
coccus septicemia. 

Although our experience with sulfapvridinc therapy of staphylococcus 
septicemia is not extensive, we feel that we can strongly recommend its 
use. In the 2 cases referred to previously, 7 the control was as adequate 
as can be exercised in clinical procedure and treatment was followed by 
rapid sterilization of the blood stream. In all 6 patients, and especially 
in the 3 patients for whom the use of sulfapyridine was combined with 
staphylococcus antitoxin therapy, the clinical improvement was very 
definite and rapid and occurred soon after the institution of treatment. 

Undoubtedly further developments in chemotherapy will ensue, 
rierrcll and Brown 10 reported the recovery of a patient following the use 
of sulfamethylthiazol in a ease of staphylococcus sepsis. Fitch 8 reports 
the recovery of a 10-year-old girl who bad a severe, protracted clinical 
course. Helmliolz 24 reported that the drug is bactericidal in vitro to the 
organisms found in urinary tract infections. These authors and Long 5 ” 
think it is at least as efficient as sulfapyridine, and probably less toxic, 
although it is too early to make accurate comparisons. The future may 
<dve us drugs with even more specific action against the staphylococcus. 

The mode of action of the chemotherapeutic agents and of staphylo- 
coccus antitoxin differ. The exotoxin elaborated by the staphylococci 

■e apparently neutralized by antitoxins, while the bacteria themselves 
;U ‘ lffie cted by the drugs in a way as yet not fully understood. Multi- 
a j.° V of the organisms is diminished, and they are in some way 
plica ion nllmr their destruction hr bodr defenses. It 


p Wlv attenuated to allow their destruction by body defenses. It 
sutnci , ‘ ieal gj-omids, that synergistic action between the two 

seems, on i . ^ definite and parallel synergistic action between 

agents nngh o < '_ t i oneiU nococeic serum against the pneumococcus 

sulfapyridine and amiy 
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has been reported. 22 - 26 - 27 This hypothesis of synergistic action seems 
to be confirmed by some interesting work reported by De and Basil. 2h 
They did experimental work on mice employing sulfanilamide, staphylo- 
coccus antitoxic serum, and combination of the two agents in protection 
against staphylococcal infection. A group of mice inoculated with a 
certain dose of Staphylococcus aureus and untreated all died. Another 
group, likewise infected with the organism, were treated with sulfanil- 
amide, and 33 per cent survived. Twenty-five per cent of another similar 
group treated with antitoxin survived. There was 100 per cent survival 
in a fourth group treated with the same doses of both therapeutic agents. 
All this evidence is strongly suggestive that combined therapy is more 
effective than either type of therapy used alone. Meyer 20 reports three 
cases that recovered following treatment with staphylococcus antitoxin 
and sulfanilamide and believes there is synergistic action between these 
agents. 

Sound surgical treatment of local lesions is paramount. There is 
general agreement that, if the infection is in soft tissues, it should be 
treated conservatively and not manipulated until pus is formed. Heat 
and possibly x-ray therapy are of value in localizing the infection. When 
there is a collection of pus, it should be evacuated. 

There is at present a distinct trend toward a change in the treatment 
of osteomyelitis. Until several years ago the teaching was general that 
acute osteomyelitis was a surgical emergency. In order to avoid strip- 
ping of periosteum and further bone destruction, drainage was advocated 
as soon as even a presumptive diagnosis was made. In several recent 
reports 30 ' 33 delayed operation and more energetic treatment of the 
general condition of the patient was carried out. The results reported 
are good. The use of sulfapyridine and staphylococcus antitoxin should 
further these ideas. Three cases that seem significant 34 have come to 
our attention very recently. In each there was a very typical clinical 
picture of acute osteomyelitis, which subsided completely after conserva- 
tive management by rest, local heat, and sulfapyridine therapy. There 
were only minimal x-ray findings of bone destruction several weeks later. 
Up to the present time (between six weeks and three months after onset), 
these patients are clinically recovered and have not required surgery. 

Early diagnosis of staphylococcus septicemia and institution of treat- 
ment even before the diagnosis is established by laboratory procedures 
are important factors in the reduction of mortality. Any rise in tem- 
perature or increase in toxicity above what may be expected from any 
infected focus, particularly when accompanied by chill, should be 
sufficient grounds for instituting vigorous treatment. The situation can 
be compared to the treatment of diphtheria and of meningococcus menin- 
gitis. In diphtheria vigorous specific treatment is begun when a sus- 
picious membrane is present in the throat, and no time is lost waiting 
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for positive cull tiro reports. We urge (lie institution of vigorous specific 
tliowijn, without wit j ting Jor blond culture reports, us soon as a patient 
witli ;i known stnpliyloeoeeus in fact ion, or ;i recent history of one, dc- 
a clops graver symptoms than can he accounted for by the local lesion. 
I 1 or example, in our Case .‘10 sulfa pyridine, staphylococcus antitoxin, and 
a blood transfusion were given, and the patient was clinically prac- 
tically cured before the growth of organisms from culture of the blood 
was reported. 

SUMMARY AND COXCLUSIOXS 

1 • Staphylococcus septicemia is a condition having a mortality, until 
very recently, averaging 76 per cent. 

2. We arc reporting a series of 32 cases with a mortality rate of 44 
per cent. 

3. As a rule, those cases with an acute and fulminating onset have a 
higher mortality rate. 

4. Of the various types of therapy employed in our series, staphylo- 
coccus antitoxin and sulfapvridinc gave the most direct evidence of 
favorably influencing the course of the disease. 

5. The last 6 consecutive cases, all in 1939, recovered. All of these 
received adequate doses of sulfapyridinc, and 3 also received staphylo- 
coccus antitoxin. 

6. There is clinical and experimental evidence to support the tenet 
that chemotherapy and serotherapy arc synergistic in action and that 
both agents should be used in the treatment of staphylococcus septicemia. 

7. Early clinical diagnosis and prompt institution of chemotherapy 
and serotherapy before corroboration of the diagnosis by blood culture is 
important. 

S. Supportive treatment and sound surgical measures are essential. 
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Til!', JNKFFJCACY OF LUMBAR PUNCTURE FOR THE REMOVAL 
OI-’ RED BLOOD CELLS PROM TJIE 
CEREJ J ROSPf NA L FLUID 

*L M. Mkhkpith, M.D., Uxivkksity, Va. 

(I-rom the Depart nun lx of Surgery an, l Gynecology amt of Neurological Surgery, the 
Onivrmty Ifoxpitnl and the Vnirrrxity of Virginia School of Medicine) 

/^0-iVSJ DURABLE cliflcroiice of surgical opinion exists as to the 
value of lumbar puncture for the removal of red blood cells 
from the subarachnoid space, whether the hemorrhage occurs spon- 
taneously or posl-l rauinaf ieally. The presence of blood in the cerebro- 
spinal fluid has been definitely shown to have pathologic sequellae by 
the work of Essick, 1 Weed, 1 ' Begley, 3 and Wort is/ as pointed out by 
Lehman and Barker/ Most observers, such as Bagley/ Fay/ Keegan, 8 
and Sharpe” believe that the removal of relatively large amounts of 
cerebrospinal fluid will eliminate significant quantities of red blood 
cells, although a few observers raise doubts as to its real value in this 
respect (Coleman, 10 Dandy 11 ). 

However, Sprang, 11 ’ in 1934, in a well-controlled study showed, both 
in the experimental animal (dogs) and in patients, that the rate of 
disappearance of erythrocytes from the subarachnoid space is not ap- 
preciably affected by the withdrawal of cerebrospinal fluid. Tie in- 
jected blood into the cisterna niagna of seven dogs and, at varying 
periods of time thereafter (up to seven days after injection), he re- 
moved all the available cerebrospinal fluid by means of a lumbar 
laminectomy. He found that, after the first forty-eight hours follow- 
ing injection of blood into the cisterna magna, there was never more 
than 2 per cent of the entire amount of originally injected erythro- 
cytes recoverable, even when all available spinal fluid was removed 
by lumbar laminectomy, which is a much more complete drainage than 
is ever accomplished clinically in the treatment of subarachnoid hemor- 
rhage. Russell 13 has also published (1932) curves of the disappear- 
ance of red blood cells from the cerebrospinal fluid in clinical cases 
which exactly correspond to those of Sprang, although he does not 
relate them to the amount of fluid removed. 

It was considered important to verify the experimental work of 
Snrong as a careful review of the literature to date, following his 

1 lication revealed no similar study. Lehman and Parker 5 stated 
that Sprout’s work, if confirmed, demonstrates the uselessness of a 
procedure that a majority of surgeons has been assuming to be of 

major value. 


METHODS 

v Fmrrmenial.-With certain minor variations in technique the 
OTk of Sprang was repeated in twice the number of dogs. Food and 
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wilier were withheld irom (lie animals during the night, preceding ex- 
perimentation. A series of twenty* mliilf dogs (without choice of 
lirrnl or sex) was used tor the experiments of which six were dis- 
carded for technical reasons. Each dog was anesthetized with sodium 
am yt ill intraperiioneally (50 nig. per kilogram of hod y weight) occa- 
sionally .supplenicnled with one or two additional injections of 5 nig. per 
kilogram ol body weight each. The same anesthesia was given for the 
ensuing laminectomy; a small amount of ether vapor (administered by 
cone) was necessary in a few dogs to insure proper depth of anesthesia. 
After anesthetization, a cisternal puncture was performed with a No. 20 
gauge needle and the cisternal fluid was immediately examined to he cer- 
tain there were no red cells present due to “needle trauma.” Two cubic 
centimeters of whole blood were removed from a femoral artery and im- 
mediately injected into the eistorna tuagua through the indwelling 
needle which was then removed. At intervals varying from two and 
one-quarter hours to twenty-one days after the cisternal injection of 
blood (Table 1), a laminectomy was performed and the tip of the 
caudal dural sac* was doubly ligated with silk sutures and the roots of 
the cauda equina as well, quite beyond f lie extensions of the arachnoid 
around them, to insure the removal of all available fluid. The animal 
was then placed in the head-up position (80° to Sf>°) and a small glass 
tube, a few millimeters larger in bore Ilian the diameter of the dural sac, 
was utilized for collection of the fluid. The ligated and free dural 
sac having been introduced into the glass tube, the dura was opened 
with forceps and scissors a few millimeters from the point of caudal 
ligation and all available spinal fluid collected by gravity. At the con- 
clusion of the spontaneous flow* of fluid from the dural sac, a few cubic 
centimeters of air were introduced through the small dural opening to 
displace any additional fluid in the ventricles or basilar cisternae (as 
in encephalography). Total amounts of fluid varying from 7 to 15 c.c. 
were thus obtained. The resultant fluid specimens were immediately 
examined for their individual erythrocyte content and the percentage 
of originally injected red blood cells recoverable after the various time 
intervals was computed. 

B Clinical. Two patients with post-traumatic subarachnoid hem- 

orrhage were studied with reference to the value of lumbar puncture in 
the removal of erythrocytes. 

-g iff _ a colored male, aged 30 years, rvas admitted to the University of 

^ 137179) on Jan. 10, 1938, with a diagnosis of concussion 

Virginia ** ^rain assoe ; a t e d with subarachnoid hemorrhage, following an 

and contusion o ^ ^ one-half hours before admission. Skull x-rays disclosed 
automobile acci en particularly interested at the time in the clinical evidence 

no fracture. As y 00 d cells from the spinal fluid in post-traumatic cases 

of disappearanceo re tQ ] um jj ar puncture, a series of five lumbar punc- 

which migM possibly 
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tures was done on the patient (Table II), the first one on the day after the injury 
and the last one nine days after the injury. He left the hospital thirteen days 
after admission and the injury (Jan. 29, 193S) was clinically well. 

Table II 


Case I: E. W., Aged 30 Years (Cerebral Concussion and Contusion, 
Jan. 1G, 193S)* 
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A series of three lumbar punctures (including the period before and after the 
titirr openings) was perfoimcd on this patient (Tabic HI), 

()uo pntk-nl with spniilaiiooits subarachnoid hemorrhage was also 
•si tidied : 

Cas/; Z j , lb, a white male (University of Virginia Hospital Xo. 340392), 
lifted 'Id i ears, developed a spontaneous subarachnoid hemorrhage white driving his 
car on a long cross-country motor trip. On admission to the hospital (.A fay 28, 393S) 
oil the dav of the hemorrhage, the patient was semiconscious and irrational. There was 
marked photophobia and cervical rigidity. A lumbar puncture was performed the 
day after admission (Jable 1A ) and sub.serpien/ly was repented five times before the 
patient s discharge. He left the hospital clinically well eighteen days after admis- 
tion and to the best of our knowledge lias been in good health ever since, leading a 
sedentary life. 



RESULTS 


A. Experimental. — The animal experiments confirm, in the main, 
Sprong's results (Table I and Fig-. 1). Even following the removal of 
all available spinal fluid, it is demonstrated (Table I) that, after the 
first forty-eight-hour period following the injection of blood into the 
cisterna magma, there was never more than 4.5 per cent of the original 
umber of erythrocytes recoverable and in most instances considerably 
mim cent 01 . i ess ). Even after such a short time interval as 

f C | S and one-quarter hours, only 31.4 per cent of the erythrocytes 
■ - l 11 r introduced into the cisterna magna were recoverable by 
ongina y drainage. The curve in Fig. 1 shows the sharp drop 

complete ■ ce] j s a f ter the second day following their in- 

to rccoyeia e ^ dog’s cisterna magna. The remainder of the red 
troduction m 0 accounted for by spontaneous disappearance, which 
blood cells mus r j men ts carried out was never less than 95.5 per 
fraction in the exp 
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cent after the first forty-eight hours. It should be emphasized that 
no spinal fluid was removed at any time, following the introduction 
of the blood into the cisterna magna, until the laminectomy was pei-- 
formed for the complete removal of the spinal fluid at periods varying 
from two and one-quarter hours to twenty-one days after the injection of 
blood. 

B. Clinical . — An inspection of the data in Case 1 (Table II) shows 
that the lumbar punctures undoubtedly had little or nothing to do with 
the rapid disappearance of erythrocytes from the spinal fluid (see 
Discussion). One week after the injury (Jan. 23, 1938) no red 
blood cells were seen in the spinal fluid although only a total of 24 
e.c. of fluid had been removed in the three previous punctures. 

Table IV 


Case 3 : P. E., Aged 4G Tears (Spontaneous Subarachnoid Hemorrhage, 

Mat 28, 193S)* 


DATE 

INITIAL SPINAL 
FLUID PRESSURE 
(MM. OF ’WATER) 

SPINAL FLUID 
REMOVED 

R.B.C. 

PER CU.MM. IN 
SPINAL FLUID 

PROTEIN 

5/29/38t 

70 

7 c.c. 

579,000 

300 mg. % 

5/31/3S 

120 

5 c.c. 

200,700 


6/ 2/38 

210 

15 e.c. 

4,S00 

60 mg. % 

6/ 5/38 

90 

5 c.c. 

103 

60 mg. % 

6/ 8/38 

98 

6 c.c. 

621 

75 mg. % 

C/ll/38 

115 

6 c.c. 

33 

50 mg. % 


'Patient with spontaneous subarachnoid hemorrhage. Note that with the removal 
of only 12 c.c. of quite bloody spinal fluid (first and second lumbar punctures) the 
red blood ceil content dropped to 4.S00 per cu.mm, on the fifth day after the hemor- 
rhage. Obviously, the removal of such a small amount of bloody fluid had litUe or 
nothing to do with such a great reduction ; spontaneous disappearance must account 
for almost all of the erythrocytes (see Discussion in text). 

'First lumbar puncture performed twenty-four hours after the hemorrhage. 

In Case 2 (Table III) it is interesting to note that the third and 
final lumbar puncture was performed only two days after three burr 
openings of the skull had been made, with bilateral opening of the 
dura and tapping of a lateral ventricle. Even with this additional 
source of red blood cells in the cerebrospinal fluid, there teas a marked 
reduction in erythrocyte content compared to the puncture performed 
immediately before the burr openings were made (1,910 R.B.C. per 
cubic millimeter compared with 40,000). 

In Case 3 (Table I\ ) , an instance of spontaneous subarachnoid 
hemorrhage, a lumbar puncture performed the day after admission 
showed 579,000 R.B.C. per cubic millimeter in the spinal fluid. Five 
subsequent punctures (the largest amount of fluid removed at any 
one time was 15 e.c.) in the ensuing thirteen days showed a rapid 
fall in red blood cell content (especially afer the third day following 
the hemorrhage). 

I he data in Tables II. III. and IV clearly demonstrate that most of 
the erythrocytes in spontaneous or post-traumatic subarachnoid hemor- 
rhage disappear spontaneously. Case 1 (Table II), an instance of post- 
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10.S per cent). When it is 


linumatic subaiiiolinoid hemorrhage, may be used as an example, es- 
pecially applicable for computation as the red blood cells had en- 
tirely disappeared from the spinal fluid by the seventh day (Jan. 23, 
3f)JS) after the injury. If one arbitrarily assumes that the total 
amount of cerebrospinal fluid present in Ibis adult patient at any one 
time was 120 c.e., it is seen that on the day after injury there were 
3,000(>:10 n ) red blood cells in (he spinal fluid (25,000 x 1,000 x 120) . 
The total number of red blood cells removed at the first puncture was 
200(x30 n ), at the second puncture 20.4(x30°) and at the third punc- 
ture 104(xl0' 1 ), making a total of 324.4 (x 3 O' 5 ) red blood cells re- 
moved in the first three lumbar punctures. Thus it is evident that the 
total number of erythrocytes removed by the three lumber punctures 
compared to the total number present on the day after injury constituted 

( 394 4 

only 10.S per cent of the total = 10 .S per cent). When it is 

recalled that the first computation of the total number of red blood 
cells in the cerebrospinal fluid in this patient (as in the other two clin- 
ical cases) was made twenty-four hours after the injury (during 
which interval innumerable red blood cells must have disappeared 
spontaneously), it is apparent t hat well over 90 per cent of the erythro- 
cytes must have disappeared spontaneously in this patient (Case 1) 
within one week (Jan. 23, 1938) of the injury, if not before. 

Considering the case of spontaneous subarachnoid hemorrhage 
(Case 3, Table IV), the results are even inore striking. On the basis 
of the red blood cell count in the spinal fluid on the clay after the 
hemorrhage (579,000 per cubic millimeter) there were 69, 480(x 10°) 
red blood cells present, if one allow 120 c.e. ns the total amount of 
cerebrospinal fluid present, an average figure for an adult patient. 
Six lumbar punctures were carried out on the patient; the total num- 
ber of red blood cells removed in the six punctures was calculated 
as 5 133.4 (x 10°). It is seen, therefore, that the total munber of 
erythrocytes removed by all the punctures, compared to the total 
number present on the day after the hemorrhage, constituted but 7.4 

per cent of the total — 7.4 per cent), so that 92.6 per cent 

of the red blood cells must have disappeared spontaneously after the 
first twenty-four hours following the hemorrhage, in addition to the 
• .d blood cells that were undoubtedly hemolyzed or otherwise elimi- 
16 (1 fi , om f ree circulation in the cerebrospinal fluid during the first 

na r £ our ] l0urs following the intracranial vascular accident, during 
whiclflatter period no lumbar puncture was performed. 

DISCUSSION 

. . r work is more analogous to spontaneous sub- 

The expernn < Jt to t j le post-traumatic variety, as no 

nl ,ctao» te»°uta.e t jlldoced 
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It is demonstrated that, following the first forty-eight hours after 
the introduction of a measured amount of blood into the dog’s cisterna 
magna, only 4.5 per cent or less of the erythrocytes introduced could 
he recovered by complete subarachnoid drainage (lumbar laminec- 
tomy). After the first forty-eight hours, nearly all the red blood cells 
had disappeared spontaneously. The slightly greater number of 
erythrocytes recoverable in Dogs 8, 9, and 10 (Table I) than in Dogs 
6 and 7 may be explained on the basis of possible continued oozing (as 
in clinical cases) in the former dogs. Even with this possibility, it is 
apparent that the average lumbar puncture, as performed clinically, 
removes few red blood cells, relatively or absolutely. Thus these 
experiments substantiate the opinion that, so far as removal of erythro- 
cytes is concerned, lumbar puncture is of slight value, as spontaneous 
disappearance undoubtedly eliminates most of the red blood cells, es- 
pecially after the first forty-eight hours. 

The experiments described above were not devised nor were they 
expected to explain by what process or processes the erythrocytes 
disappeared from the subarachnoid space, but they do demonstrate 
the relative futility of lumbar puncture for their removal. The red 
blood cells are not entirely eliminated by hemolysis, although this is 
perhaps the most important process accounting for their disappearance. 
It must be recalled, however, that Essick 1 in 1920 demonstrated that 
arachnoid cells are capable under certain conditions of becoming 
phagocytes and Bagley 14 has clearly shown in the experimental animal 
that, when blood is introduced into the subarachnoid space, certain of 
the arachnoid (phagocytic) cells become filled with blood pigment re- 
sulting from the engulfment of erythrocytes. He also showed that the 
pigment-laden cells are found even in the chronic stage of meningeal 
thickening secondary to the injection of blood into the cisterna magna 
or elsewhere in the subarachnoid space. Furthermore, all surgeons 
and pathologists who have seen considerable numbers of brains that 
had been subjected to trauma or following spontaneous subarachnoid 
hemorrhage are familiar with the fact that blood becomes agglutinated 
in the subarachnoid spaces over the cerebral convexities and in the 
basilar cisternae with great frequency ; by this sequel to subarachnoid 
hemorrhage still more erythrocytes become enmeshed and are in- 
capable of removal by lumbar puncture. It is probable that, these 
three processes: (a) hemolysis, (b) phagocytosis by arachnoid cells, 
and (c) enmeshment and agglutination of intact erythrocytes in the 
subarachnoid space account for the major portion, if not the entire 
number, of red blood cells that disappear spontaneously from the 
cerebrospinal fluid after subarachnoid hemorrhage. 

A plea is made for reduction of the frequency of lumbar puncture 
in eases of subarachnoid bleeding. At the present time in this clinic 
such punctures are infrequently performed in post-traumatic and in 
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spontaneous subarachnoid hemorrhage. in ;i previous communication 
iioni this clinic’" it. mis report erl (1038) t Fiat lumbar puncture was per- 
.foi mt'd in only .15 per cent of all haul injury cases. This has been con- 
fiiined by a more recent analysis (J 040) of 391 additional cases (con- 
secutive admissions) of all types of head injury in which lumbar 
puncture was performed in 35.3 per cent of all eases.’ 11 Dandy 17 con- 
siders it of little or no use in any post-traumatic case. 


It is still rather widely believed that lumbar puncture should he 
frequently performed in cases of spontaneous and post-traumatic 
subarachnoid hemorrhage. This is apparent, from a review of the 
literature of the last few years in regard to spontaneous subarachnoid 
hemorrhage alone. To refer to only a few of the many recent writers 
on this subject: Leary and Mycrson 18 in 1931; Blackford,” Strauss, 
Globus, and Ginsburg, 20 and Older and Ilurwitz 21 in 1932; Hyland 22 
and Ostermnn" 1 in 1033; and Bley 24 and Waite 25 in 1934; nil recom- 
mended lumbar punctures with removal of rather large amounts of 
spinal fluid until it becomes clear. Many other writers could he quoted 
with similar views. Also, the same viewpoint is widespread among the 
profession in regard to post-traumatic subarachnoid hemorrhage. 

It appears that these views are, for the most part, without sound 
physiologic or pathologic foundation for reasons previously stated. 
They arc certainly not borne out by the experimental data (reported 
herewith) having to do with the spontaneous disappearance of red 
blood cells from the spinal fluid. We are inclined to agree with the 
opinion of Ilall, 20 who, in discussing- spontaneous subarachnoid hemor- 
rhage, prefers lumbar puncture initially for diagnosis and subse- 
quently only to relieve signs of medullary compression such as respira- 
tory distress, brad.ycardia, and stupor, for which purpose it is prob- 
ably justified. The same statement holds true for occasional post- 
traiunatic cases in which one is certain that there is no massive sub- 
or extradural elot, either from the clinical signs or by previous op- 


eration. 


CONCLUSIONS 


1 Experimental and clinical evidence is presented to demonstrate 
that lumbar puncture, when used for the removal of red blood cells 
from the subarachnoid space, is almost completely ineffective. 

2 This fact, not generally known and accepted, should be more uni- 
‘ r "plied to clinical eases; i.e., lumbar punctures should not he 

versa y P^ ^ purpose of removing erythrocytes from the sub- 


arachnoid space. 
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ABSORPTION OP SULFANILAMIDE FJiOM BURNED SURFACES' 

Doxai-d if. Hooker, M.D., XI) Coxrad I?. Lam, M.D., 
Detroit, Alien. 

fFrom the Division of Central Surgery, Hairy Ford Hospital) 

| ’HE Icii deucy oi burns to become infected with streptococci 1 and the 
success which has attended (lie use of sulfanilamide locally in com- 
pound fractures 3 and other forms of trauma caused us to make these 
observations on the effect of sprinkling the dry powder on small areas 
in eight eases of burns. The rapidity of absorption and the high blood 
levels obtained in several cases were so striking that we are making this 
report to call attention to the probable value of this method of ad- 
ministering sulfanilamide prophvlactically and therapeutically, and 
incidentally to add evidence in the debated question of whether or not 
there is considerable absorption of diffusible material from burned skin. 

The work of Underhill, ICapsinow, and Fisk 3 has often been cited as 
opposing the so-called toxic theory of the cause of death from burns. 
They showed that when phenolsulphonephthalein or strychnine was 
injected into burned areas, its absorption was distinctly inhibited. 
One might infer, therefore, that, it is unlikely that any hypothetical 
toxic substance would be taken up by the blood stream and distributed to 
other parts of the body. 

Mason, Paxton, and Shoemaker 4 found that potassium iodide was 
readily absorbed from burned areas. Mitchiner 5 states that Petit and 
Lister employed perchloride of mercury in the treatment of burns in 
the nineteenth century, with the idea of precipitating the surface 
proteins. It is said that all of the patients so treated died or suffered 
severely from mercurial poisoning. Recently, Arnaud 6 reported his 
experience with the treatment of nine cases of burns with mercurochrome 
dressings. Nephritis and other symptoms of mercurial poisoning de- 
r . | aJK ] mercury was detected in the urine in twenty-four hours. 

Tn a comment on this article, Graham 7 aptly warns against any further 
of mercurochrome in the treatment of burns. To these instances o.f 
11 sc . a h s orption from burned surfaces, we add the following data with 

regard to sulfanilamide. 

CASE REPORTS 

T a o^.year-old white woman, suffered second degree burns of the 

Case 1 .— •> y ow t 0 reh explosion. Two hours after the injury, sulfanilamide 
anus and ^ ace 111 a _ , PV t e nsor surface of the loft forearm, the area measuring 
powder was apphed *> the e ‘ 

: pd for publication, July 7, 1940. 
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Fig. 1. — Showing sulfanilamide powder applied to the forearm of patient in Case 1. 
The photograph was taken two and one-half days after the initial application. The 
ruler parallel to the forearm is in centimeters. 



The' photograph was ta ken* * two n d ° o ne-h rUf P da vs 'after 5 the n ini?P\l Pat5 °r t Case 2 * 
ruler parallel to the hand is in centimeters. ' s a ttr * ie application. The 
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3i> cm. In •) cm. (J ig. 3). Approximately 5 Grn. of powder was applied initially, 
and small amounts wore sprinkled on at intervals thereafter, making a total of about 
•JO C tin. being applied over a period of three and one-half days. The curve of the 
blood sulfanilamide level is shown in Fig. 3. A level of 9.-J nig. was obtained. JTo 
infection developed in this area or in the other areas which had been treated with 
tannic acid jelly.* 

CASE 2. D. W., a -O year old white man, received burns of the hands and face in 
the same explosion in which the patient in Case J was burned. Two hours after the 
accident, sulfanilamide powder was applied to an area measuring S cm. by C cm. on 
tho back of the left hand (Pig. 2), approximately .10 Gm. of powder being used 
altogether. A blood level of 7.S mg. was reached on the third day. Healing was 
rapid and uneventful. 


MGM % 
BLOOD 

SULFANILAMIDE 


ftE MOVED 



DAYS 

„ showing the rate of absorption of sulfanilamide from the burned 

Fig. 3.— i Lillies areas jn Cages j , and 3 


g a 38-year-old white man, sustained a third degree burn of the left 

wasoliue fire. Primary treatment was with tannic acid jelly. Infection de- 
leg m a ^ eschar, and it was removed; cultures showed Bad. pyocyancus 
velope un ^ stre ptoeoeci. Sulfanilamide powder was sprinkled on the leg over 
and non lem ^ ne;ir]y 30 by 00 cm. Approximately 60 Gm. of the powder was 
an estima ' ^ next morning the patient was put in a tub bath, and afterward 

used altogc icr - ^ He became cyanotic and confused. The blood sulfanilamide 

more P oW< ^ r '™ S rema inder of the powder on the leg was removed by irrigation, 

level was 33 mg- ^ granulating surface was continued with daily brine baths, 

a ^ r vations were made on five additional eases (Table I). 
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Table I 


CASE NO. 

SIZE OF AREA 

LEVEL OF BLOOD 
SULFANILAMIDE 

NO, DAYS INTER- 
VENING 

4 

4 by 5 cm. 

2.3 mg. 

4 

5 

5 by 6 cm. 

4.5 mg. 

3 

6 

3 by 4 cm. 

1.0 mg. 

6 

7 

4 by 5 cm. 

1.2 mg. 

5 

s 

6 by 3 cm. 

2.0 mg. 

2 


DISCUSSION AND CONCLUSIONS 

In presenting tliis report, it is not our intention to advise the wide- 
spread use of sulfanilamide powder in the treatment of burns. In fact, 
our experience with putting the powder on very small areas indicates 
that there is danger of overdosage if the drug is used indiscriminately on 
larger areas. It would appear to be a useful procedure in the case of a 
large infected burn to put the powder on a small portion and to obtain 
the desired blood level by this route rather than b) T giving the drug by 
mouth. Nausea and vomiting are common enough in burns without the 
additional factor of chemotherapy by mouth. It is possible that further 
experience will produce a technique whereby the drug can be used 
routinely in a prophylactic manner to prevent secondary streptococcic 
infection. 

This experience is additional evidence against the view that burned 
tissues form a poor absorbing surface. 
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PEPTIC ULCER AND DIARRHEA FOLLOWING THE REMOVAL 
OF THE PREVERTEURAL GANGLIA IN DOGS 

r lm; Axtisi’asmomc Effects of Magnesium Sulfate, Pentobarbital, 

and A ruorixK Sulfate 


Rolf Lii;m, M.D.,° Portsmouth, N. II. 

O' >oin thr Mi (Ural l.abonitorii X of the Collin P. Huntington Memorial Hospital of 

] lor rani University) 


1 | OIIj close association of psychic disturbances and diarrhea is well 
known to the clinician. Although the mechanism involved is not 
understood, there is experimental evidence which points to a sympathetic- 
parasympathetic imbalance as a very important factor. Popielski 1 re- 
ported his experience with removal of the celiac and superior mesenteric 
ganglia in iwcnty-Uro dogs. After operation all of the animals de- 
veloped watery diarrhea and passed both mucus and bright red blood in 
the stools. Two animals died nine and twenty-five days after gangliouec- 
tomv from the inanition attending the severe diarrhea. In the animals 
that survived over a two-week period, it was usually found that the 
blood and mucus disappeared from the stools and diarrhea alternated 
with formed feces. Complete protocols were given for the autopsy of 
five animals and in all of these ulcers were found in the stomach and 
duodenum. Other changes noted were marked hyperemia and hemor- 
rhagic erosions along the gastrointestinal tract. 

Laignel-Lavastine 2 wrote a comprehensive review of the celiac plexus 
and its function. He concluded from his experiments on complete re- 
moval, that this plexus exerts a restraining action on the movements of 
the intestine, hence the bloody dejecta and diarrhea which are noted 


after ablation. 

Vedova 3 removed the right and left celiac ganglia in dogs and also 
injected alcohol into the plexus. No mention is made of diarrhea after 
such procedures. Donati 4 removed only the left celiac ganglion in dogs 
without a disturbance of bowel activity. Grundelfinger 3 excised both 
celiac mmglia and does not report any disturbance in the frequency of 
1 ' 1 movements. The absence of diarrhea in these experiments may 

be due to the incomplete removal of the prevertebral ganglia, for 
1 experiments of Popielski and Laignel-Lavastine the superior 
m ie . tr 'inglia were also excised. Donati 4 and Peiper 6 make no 

mesen en ” ,j iea a f te r the removal of the celiac plexus in rabbits. 
reference o < ^ t j ie h n <3j n g S by Popielski and Laignel-Lavastine 

The imp ica rtance to reconsider carefully. They suggest that 

are of sumcienr mm 
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in dogs a radical removal of the celiac plexus will effect a marked diar- 
rhea. In addition to repeating their work, the present experiments in- 
clude a study of the effect of this operation upon rectal tonus and 
motility. The influence of certain drugs on the increased rectal con- 
tractions was tested after ganglionectomv. The operative procedure 
used by other investigators was enlarged to include removal of the in- 
ferior mesenteric ganglion, which lies quite apart from the celiac plexus. 
Subsequently in this paper, the term prevertebral ganglionectomy will 
be used to denote the removal of the right and left celiac ganglia-, the 
superior and inferior mesenteric ganglia. 

METHODS 

Male and female dogs of medium size were used. They were fed on a 
diet of boiled meat and pasteurized milk throughout the experiment. 
During the three days preceding the operation, the stools were examined 
carefully for gross evidence of blood and mucus. 

Studies were made of rectal contractions in all of the animals at two- 
or three-day intervals before and after operation. For this purpose a 
small balloon attached to a catheter was inserted by means of a forceps 
through a proctoscope in the rectum. The balloon was placed two inches 
above the anus and the protoscope withdrawn. After connecting the 
balloon to a mercury manometer, 40 c.c. of air were introduced slowly 
through a sidearm in the system. A record of the contractions was made 
over a period of fifteen to twenty minutes with a writing arm recording 
the oscillation of the mercury on a smoked drum. In each study a 
record was made of the pressure within the balloon when it was filled 
with 40 c.c. of air, outside the animal (Fig. 1). 

After it had been established that increased rectal contractions were 
present after prevertebral ganglionectomy, the influence of intravenous 
pentobarbital, MgS0 4 , or atropine sulfate was tested in various animals. 
Throughout the work with the balloon, no difficulty was encountered in 
obtaining records which were free from the elevation which occurs when 
the animals move or strain. 

For the operative procedure ether anesthesia and sterile technique 
were used. Through a midline abdominal incision the inferior mesenteric, 
superior mesenteric, and celiac ganglia were removed. In all of the 
animals the celiac, superior, and inferior mesenteric arteries were 
cleaned of nerve tissue for a distance of 2 cm. 

A preliminary control operation was performed ten days before re- 
moval of the ganglia in two animals. The abdomen was opened and 
retraction of the intestines was maintained for one hour so that all of the 
trauma except the actual excision of the nerves was duplicated. The 
animals were subsequently studied with the rectal balloon and one week 
later were subjected to ganglionectomy. 

In two other animals the abdomen was opened under ether and the 
intestines retracted as for ganglionectomy over a one-liour period. One 
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week later they were sacrificed for examination of the gastrointestinal 
tract. In sacrificing animals, they were first etherized, the abdomen 
was opened, and the entire gastrointestinal canal excised and opened. 
The whole specimen was preserved in 10 per cent formalin and at a 
later date microscopic slides were prepared of the abnormal areas. These 
were stained with hematoxylin and eosin. 

RESULTS 

In all but two of the animals, formed stools were passed during the 
three days before operation. These two had mushy, unformed stools, 
which was attributed to the use of horse meat in their diet. No animal 
in this series showed gross blood or mucus in the stools preoperatively. 
All four dogs subjected to simple laparotomy had formed stools after 
this operation. 

The studies with the balloon before operation showed uniform results 
in all animals. Figs. 1 and 5 are typical curves. 

Table I gives the survival period and autopsy findings in the nine 
animals subjected to ganglionectomv. Animals 1 and 2 survived less 
than four days. One of these animals suffered peritonitis in the left 
upper quadrant of the abdomen from a perforated gastric ulcer; the 
other had an intussusception of the terminal ileum through the ileocecal 
valve with gangrene and peritonitis. 

Animals 3 and 4 were sacrificed at a time when they could only survive 
a period of hours, to judge by their weakened condition. They suffered 
severe weight loss despite a good appetite and lost so much strength that 
they could not eat or even stand up toward the end. The diarrhea in 
these animals was so acute that they soiled themselves badly and had 
ulcers and erosions of the skin where the digestive juices had been de- 
posited. 

The remaining animals withstood the operation quite well and might 
have survived indefinitely had they not been sacrificed for examination 
of the gastrointestinal tract. 

In all nine animals subjected to ganglionectomy the following results 
were observed: 

1. Diarrhea . — This became evident as soon as the animals regained 
consciousness. The discharge consisted of mahogany colored liquid with 
large amounts of mucus. When the animals commenced to eat, un- 
digested food would appear in the feces. Animal 4 drank some milk 
forty-eight hours after operation, and in fifteen minutes passed bile- 
stained milk curds bv anus. Characteristic of the feces w*as a powerful 
stench, as has also been noted by other investigators. The diarrhea was 
most pronounced during the first ten days after operation. If the ani- 
mals were able to survive this time in a fair state of nutrition the 
diarrhea lessened and the undigested meat particles disappeared from 
the feces. The stools were unformed in all but one of the surviving 
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Table I — Coxt'd 


POST- 

OPEP.A- 

AXIAIAL TIYE 
DAY OF 
DEATH 


CAUSE OF 
DEATH 


CONDITION 
AT DEATH 


G. 


2i Killed under 
etlier 


Good health; 
holding 
weight ; two 
or three wa- 
terv stools a 
day 


7 Killed under 
ether 


"Watery stools 
with mucus 
and flecks of 
red blood ; 
undigested 
food in feces 


S. 


Watery stools 
with mucus 
and flecks of 
red blood ; 
undigested 
food in feces 


FINDINGS AT AUTOPSY 


Edema of entire gut; nothing 
abnormal either grossly or 
microscopically save for edema 


Edema of entire gut; three (0.5 
by 0.3 cm.) ulcers of lesser 
curvature; 0.3 cm. wide ulcer 
crater in fundus with rugae 
converging on it; 5 by 2 cm. 
area of ulceration and erosion 
along greater curvature; intra- 
mucosal hemorrhages of ileo- 
cecal valve; section of gastric 
ulcers showed destruction of 
museularis mucosa with atypi- 
cal epithelium at edge of 
ulcer; considerable scar tissue 
in base of ulcer 

Entire gut edematous; intra- 
mucosal hemorrhages on tips 
of rugae in cecum; intra- 
mucosal hemorrhages of ileo 
cecal valve 


9. 10 


Loose, watery Gastric ulcer, 1 cm. wide, over 
stools, four middle of greater curvature of 

to six daily stomach; 0.5 cm. wide ulcer 

with red edges 15 cm. above 
ileocecal valve; this was al- 
most perforated; intramucosal 
hemorrhages of ileocecal valve; 
hyperemia of colon, most 
marked in cecum, with some 
interraucosal hemorrhages mi- 
croscopicallv 


animals during the period of observation. The exception, Animal 5, had 
three or four mushy stools a day alternating with formed stools two 
months after ganglioneetomy. Animal 6 continued to have watery feces 
with mucus twenty-four days after operation. 

2. Mucus . — Gross amounts of mucus are not normally present in dog’s 
feces, but, after removing the celiac, superior and inferior mesenteric 
ganglia, large particles of mucus were present in each dejection. At 
times long strips of mucus were passed, and these appeared to be casts 
of the eolon. The amount of mucus diminished as the diarrhea subsided. 

3. Blood u Stools . — All animals passed blood in the feces after gangli- 
onectomy. In three of the dogs this amounted to 1 dr. or more on several 
occasions, but in the others only blood-stained mucus was passed. 
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Table I 


SUMMARY OP'l’ATJIOI.Ofilc; PlM)lN-fiS I.Y .<) JlOOS SUBJECT*. 


ed to Celiac Oaxclioxectom? 


OI’ERA- 

AN'I.MAL TIVE 
BAY OK 
DEATH 


CAUSE OK 
DEATH 


COXDITIOX 
AT DEATH 


EIXMXOS AT AUTOPSY 


4. 


,'! Peritonitis 

.Severe diar- 
rhea; blood 
in stools 

Peritonitis localized to left upper 
quadrant; perforated ulcer on 
greater curvature of stomach; 
three ulcers (0.4 to O.S cm. 
wide) on the lesser curvature; 
dark blood throughout the en- 
tire gut and marked hyperemia 
of mucosa 

3 Peritonitis 

Severe diar- 
rhea ; blood 
in stools 

Intussusception of terminal 20 
cm. of ileum through ileocecal 
valve with gangrene of termi- 
nal ileum and peritonitis; 
stomach spastic with multiple 
intramueosal hemorrhages and 
erosions; these changes most 
marked on tips of rugae; 
marked .duodenitis and hy- 
peremia of entire gut 

14 Too weak to 

Marked loss of 

Marked edema of entire gut; two 
ulcers over pyloric ring (0.4 

eat; killed 
under 

weight; se- 

vere dinr- 

bv 0.2 cm. and 0.3 bv 0.1 cm.) 

ether 

rhea ; mul- 
tiple ulcers 
of skin where 
feces had 
touched 

with red edges; intramueosal 
hemorrhages in cecum running 
at tips of rugae in a transverse 
linear pattern; pyloric ulcers, 
on section, invaded the mus- 
cularis mucosa 

12 Too weak to 

Same as Ani- 

Edema of entire gut; marked 

eat; killed 

under 

ether 

mal 3 

duodenitis both grossly and 
microscopically; two superficial 
erosions 0.(1 cm. wide at junc- 
tion of ileum and jejunum; 
lower half of colon showed 
marked hyperemia ; intramu- 
cosal hemorrhages of ileocecal 
valve 


2 mo. Killed under Good health ; 

ether formed stool* 

alternating 
with mushy; 
all stools 
tarry blade 


Marked edema of entire gut; at 
junction of jejunum and ileum 
was a 1 by 0.8 cm. firm, white 
scar extending through entire 
wall of gut; sections showed 
muscle occupied largely by 
fibrous tissue and a thin layer 
of epithelium without villi; 
for 30 cm. below this scar the 
mucous membrane was mark- 
edly hyperemic both grossly 
and microscopically; lumen of 
gut contained old blood and 
on section many intramueosal 
hemorrhages were seen 
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Tenesmus and straining were invariably associated with the appearance 
of blood. The animal would defecate watery feces after which it con- 
tinued to strain for several minutes. Thick mucus was then expressed 
followed by blood-tinged mucus. If the tenesmus continued even longer, 
a drop or two of bright red blood would be passed. The blood dis- 
appeared as the diarrhea subsided. It is assumed that the blood passed 
at the end of defecation came from the lower gut. Whether changed 
blood from higher up in the intestinal canal was also present in the 
feces cannot he stated with certainty. Suggestive evidence in favor of 
this was furnished by Animal 5. Over a two-month period this animal 
passed black stools when other animals in the colony had dark brown 
stools on the same diet. At autopsy a 30 cm. segment of ileum was found 
to be markedly inflamed and to contain bloody fluid. Microscopic sec- 
tion of this area showed widely dilated blood vessels in the villi and 
intramucosal hemorrhages. 



A. B. 

Fie. 0.— The increased rectal contractions are still present as lone as twenty-four 
days and two months after prevertehral ganglionectomy. A, Animal 6, rectal con- 
tractions twenty-four days after ganglionectomy; B, Animal 5. rectal contractions 
two months after ganglionectomy. 

4. Increased Rectal Contractions . — All nine animals subjected to 
ganglionectomy were studied with the balloon catheter before and after 
operation. There were none or only occasional slight contractions before 
operation (Figs. 1 and 5). Whereas there were individual differences, 
all animals showed increased rectal activity after ganglionectomy. In 
most animals this was greatest on the first few days after operation, and 
the balloon was often defecated soon after insertion. In the two that 
succumbed fiom the effects of the severe diarrhea there was a gradual 
increase in response with the maximum reached just before death (Figs. 
fi-S) . In no animal studied did the rectal response return to the normal 
preoperative level. One animal was studied two months and another 
twenty-four days after operation (Fig. 9 A and B). In the four control 
animals there was no essential difference between the preoperative 
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studios with the balloon and those a fter simple laparotomy. The two 
control animals subjected to ganglioneeiomy had the same increase in 
rectal contractions as the other dogs. (Figs. 1-4.) 

louring the preoperative period two of the animals had a watery diar- 
rhea caused by the eating of sonic horse meat. Rectal irritability was 
studied during this period and showed no essential difference in the 
curves from the normal. 


Necropsy Fndtngs . — Table I gives in summary form the findings at 
autopsy. Satisfactory microscopic studies were not available in Animals 
1 and 2 which died during the night. These animals were the only ones 
to show' marked hyperemia of the entire gut, grossly. In the others the 
hyperemia was localized. Four of the nine animals showed peptic ulcers. 
Two of these had discrete ulcers on both greater and lesser gastric curva- 
turcs (Animals 1 and 7). Animal 7 had also a 5 by 2 cm. area of irregu- 
lar ulceration along the greater curvature and an acute nicer in the 
lower ileum which had almost perforated. Animal 9 had a 1 cm. wide 
ulcer on the greater curvature toward which the rugae converged. Ani- 
mal 3 showed two acute ulcers directly overlying the pylorus. On micro- 
scopic study of the lesions in Animals 3, 7 and 9, the ulcers were found 
to extend beneath the muscularis mucosa. There was an acute inflamma- 
tory reaction throughout the base and at the edges atypical epithelium 
was found and regeneration appeared to be in progress. 


Animal 2 had a marked gastritis with intramucosal hemorrhages along 
the tips of the rugae, and Animal 4 showed a severe duodenitis. Ani- 
mal 5, which was sacrificed two months after ganglioneetomy, had a 
white scar at the junction of the ileum which was covered with a thin 
layer of epithelium without villi. Five animals showed gross interstitial 
hemorrhages in the mucosa overlying the ileocecal valve. There were 


no ulcerations or gross erosions observed in the colon, but hyperemia was 
noted grossly in fire animals. The microscopic sections taken from the 
areas of hyperemia and intramucosal hemorrhage in these animals showed 
a wide dilatation of capillaries. In small foci, at the superficial border 
of the mucosa, there appeared hemorrhagic areas which had caused a 
necrosis of the surrounding tissue and of the overlying epithelium. In 
other areas there were seen large round cells loaded with hemosiderin 
° here earlier subsurface hemorrhages might well have occurred. 

In the two animals subjected to simple laparotomy, no demonstrable 
abnormalities of the gastrointestinal tract were found. 

7 'tion of Rectal Contractions With Drugs. — The animal with its 
• * 11 1 .’or and inferior mesenteric ganglia removed constitutes an 
celiac, supen ‘ for an tispasmodic agents. Only MgS0 4 , pento- 
excellent es ‘ were - tested in these animals. They were all given 
barbital, an < _ am0 unts. Atropine sulfate (0.5 mg.) was tested 

intravenously i c = ^ ^.5 or 25 per cent solution) on four, and pento- 
on two, MgS0 4 ( c - • . animals. In each instance there was 

barbital (anestl.etw dose) 
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;m almost, immediafe cessation of rectal contractions. Figs. 10-20 show 
the Jesuits ol these studies. Jt is to he Jioted that pentobarbital and 
j\fgSO.| have quite a prolonged action in inhibiting contractions; whereas, 
t he action of atropine is over at the end of one hour. A relatively small 
dose of calcium gluconate given intravenously to one animal failed to 
inhibit contractions. In another animal it was shown to reverse the 
inhibiting action of MgS0 4 . 


DISCUSSION 


The results obtained in these experiments confirm those of Popielski 
and others. They indicate that in the dog the celiac, superior and in- 
ferior mesenteric ganglia are an essential element in the normal func- 
tioning of the gastrointestinal canal and that they exercise a restraining 
influence on its activities. The watery diarrhea immediately after gan- 
g'lionoctomy when the animals were fasting points to a marked secretory 
activity of the intestine. This confirms previous observations on the cat 
by Wright and co-workers 7 where it was shown that the celiac ganglia 
constitute an important brake on the secretory function of the duodenum 
and small intestine. That mucus was passed in large amounts is ex- 
plained b.v the work of Wright, Jennings, and Florey. 8 These authors 
demonstrated that the nervi erigens is a powerful secretory nerve; 
whereas, the postganglionic fibers from the inferior mesenteric ganglion 
inhibit the secretion of mucus by the colon. 

Passage of blood during the days immediately following operation 
came at the end of defecation and was always associated with tenesmus 


and straining, which suggests that it was related to spasm of the lower 
colonic segment. The absence of ulcers and erosions in the colon of 
animals that passed blood just before death suggests that the blood had 
its origin in capillary hemorrhage and was related to the intramucosal 
hemorrhages found at autopsy. In previous communications 9 ’ 10 it has 
been shown that hemorrhage ean be produced from an explant of dog’s 
colon by agents capable of initiating severe spasm. The mechanisms by 
which spasm produces hemorrhage from the mucosal surface is not 
clearly understood. Since the blood vessels to the mucosa must traverse 
the powerful circular and longitudinal muscles of the intestine before 
reaching their destination, they can be completely occluded when these 


muscles contract. , , , 

q 0 £ |j ie intestinal muscles at first may close the exit for the blood 

, h t ] ie ve i n s and then through the arteries, thus trapping a large 
11 ° . of blood in the dilated capillary bed of the mucosa. Further 

reservon ^ suc p a powerful pressure on the vessels that they rup- 
spasm may explanation for the erosions and intramucosal hemor- 
ture, a p0SS1 fter inducing spasm by a great number of agents (dysen- 
rhages seen a g n pPysostigmine and acetyl choline, 30 and barium 

tery toxin, 8 pl ° C ^ er possibility is the production of severe anemia by 
chloride 12 ) • An ^ ^ resulting death of the mucosal cells 
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Studies with the balloon revealed a constant increase in rectal con- 
tractions after operation and indicate that the diarrhea was dependent 
on an increased irritability of the gastrointestinal tract to the normal 
stimulus of the feces. The absence of such increased contractions during 
the diarrhea due to horse meat suggests that there are two distinct 
mechanisms for diarrhea in the dog. 

The importance of finding peptic ulcerations in these animals cannot 
be evaluated without further study. Similar results were noted by 
Popielski, Laignel-Lavastine, and Grundelfinger. The observations of 
the last author must be discounted, however, for he considered the 
normal mucosal depressions in the dog’s duodenum as ulcerations. 
Volini and associates 13 have demonstrated that these apparent defects 
are actually covered by normal mucosa. Donati found little evidence of 
mucosal damage in his dogs, but he only resected the left celiac ganglion, 
a procedure which also yielded negative results in the hands of Grundel- 
finger. Ivy 14 reported no ulcers in dogs after dividing the splanchnics 
or removing the celiac plexus. 

The effect of stimulating the vagi theoretically should give much the 
same result as removal of the celiac ganglia. Stahnke 15 observed defects 
in the mucous membrane over the lesser curvature in two of five dogs 
that had chronic stimulation of the vagi. 

The experiments on rabbits have been contradictory, the same pro- 
cedure giving quite different results in the hands of various investigators. 
Hemorrhagic erosions of the stomach have been described both after 
bilateral vagotomy and resection of the celiac plexus. Others obtained 
negative results with these procedures. The reader is referred to the 
work of Talma, 10 Donati, 4 Durante, 17 Van Yzeren, 18 and Alvarez. 19 

In dogs with severe diarrhea emaciation develops rapidly. Weech and 
Paige 20 have shown that protein deficiency in dogs is often associated 
with peptic ulcers. Keller 21 autopsied 150 undernourished dogs and 
found round, hemorrhagic craters in the stomach of ten animals. These 
considerations make it impossible to say definitely whether inanition or 
prevertebral ganglionectomy was responsible for the peptic ulcers in 
these experiments. 

The antispasmodic action of pentobarbital as demonstrated in these 
experiments confirms the previous observations of others on members of 
the barbiturate group. 22 ' 25 The similar effect of parenteral MgS0 4 was 
first investigated by Meltzer and Auer 20 and more recently by Straub 
and Schild 27 and ICanda. 28 In our experiments these agents evidenced 
an antispasmodic action of at least two hours. The antispasmodic action 
of these two agents has been shown to be a peripheral one C?6 1UA- and 
23, pentobarbital). ’ 

Clinical Implications.— The finding of diarrhea and mucus in the ani- 
mals subjected to prevertebral ganglionectomv has a beariim on so-called 
mucus colitis. Jones and White 29 call attention to the neuro-enie factors 
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in this disoidci and to Die fact that parasympathetic stimulation repro- 
duces (lie essential elements of the disease. The experiments here re- 
polled suggest that, underact, ivily or Jack of sympathetic control to the 
colon may well lead to the same result as actual parasympathetic stimu- 
tioii of that organ. 

Dio association of tenesmus with rectal bleeding in these experiments 
lias a bearing on one aspect of ulcerative colitis. On careful questioning 
one can invariably elicit, the story that the patients know beforehand 
when blood will appear in the stools. Severe lower abdominal cramps, 
tenesmus, and a dull or sharp ache in the rectum preface the appearance 
of blood. These are all symptoms associated with severe muscle con- 
traction. 

The efficient antispasmodic action of pentobarbital and MgSO, sug- 
gests their use in clinical conditions associated with severe muscle spasm 
such as acute ulcerative colitis. 30 


SUMMARY 


1. When the celiac and superior and inferior mesenteric ganglia are 
removed in dogs there result a foul diarrhea, with mucus and blood in 
the stools and increased rectal activity as measured with a balloon. 

2. At autopsy four of nine animals subjected to this operation showed 
peptic ulcers, one of which had perforated. These ulcers may be due 
to inanition rather than the gangiionectomy. 

3. Other changes noted were intussusception, gastritis, duodenitis, en- 
teritis, hyperemia, edema of the intestine, and intramucosal hemorrhages. 
A possible explanation for the appearance of these lesions has been 
offered. 

i. It was shown that MgSO.,, pentobarbital, and atropine all relax the 
colon when given intravenously in large doses; calcium does not, but 
reverses the effect of magnesium. 

5 The relationship of these findings to various clinical problems 1ms 
been discussed. 
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LARGE ISLET-CELL TUMOR OF THE PANCREAS 
Alexander Biiuxschwig, M.D., Chicago, III. 

(Ftom the Vcparlmcnta of Surgery and Medicine of the University of Chicago) 

I 'II E successful excision of islet-cell tumors of the pancreas has 
now been accomplished with sufficient frequency to render per- 
haps unwarranted the report of a single rather typical ease. Whipple 
and Frantz' have reviewed the literature up to 1935 and in a more 
recent summary Whipple 2 states that he has collected 110 cases 
(including' 15 cases of his own) of hypoglycemia with pathologically 
proved islet-cell tumors. Eighty-two were removed by surgeons at 
operation, of which 69 survived; 3 died within six months of carcinoma 
of islet tissue with metastasis. The neoplasms were usually 1 or 2 cm. 
in diameter and not infrequently multiple. In one ease reported by 
O’Leary and Womack 3 (Case 111), the neoplasm was quite large, 
measuring 11 by 9 by 9 cm. and weighing 500 Gm. 

The following ease was thought worthy of recording because of the 
very large size of this type of tumor (largest yet reported) and be- 
cause its successful resection again illustrates how radically one may 
operate upon the pancreas in man. 


CASE REPORT 


G. P. L. (No. 233S2X), white, male, aged 32 years, traveling salesman, was ad- 
mitted to the University of Chicago Clinics Jan. 1, 1040. The present complaints 
began in April, 1039, when he had a two-hour period of amnesia during which he 
performed actions automatically. Four days later he experienced an attack of 
syncope in the street and was revived in a hospital by injections of glucose. 
Subsequently there were many attacks, characterized by convulsive seizures and 
periods of stupor. Glucose relieved the attacks and increased food taking di- 
minished their frequency and intensity. In September, 1939, he was hospitalized 
in another institution where as a result of study a diagnosis of islet-cell, insulin- 
producing tumor was made and laparotomy was performed. The pancreas was 
exposed and a tumor mass, measuring about 6 or 7 cm. in diameter, was found at 
the junction of the body and tail; adjacent to it was a second tumor measuring 
1 , , CKU ; n diameter. A specimen removed from each mass for frozen scc- 

a 0U ’ ao ''adenocarcinoma, Grade III.” The abdomen was then 

tion was reporitu 


closed. ^ operation the attacks continued but by frequent feedings wore rn- 
Follouing l ^ frequency, there being a six-week period in which no nt- 
duced m seven } increasc d feedings resulted in a gain of 25 pounds in 

tacks occurre . prior to admission attacks would occur at about 

« t Tlnrm" ten i . . 

weight, -uuni „ aborted by drinking orange juice. 

U ;00 A.M. hut would m- 
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The history was otherwise irrelevant except for the fact that six aunts and 
uncles on the' father’s side, the mother and maternal grandmother, and one ma- 
ternal uncle had died of malignant neoplastic disease. 

Physical examination revealed a well-developed obese young adult male weigh- 
ing 252 pounds, 6 feet in height, mentally alert, and apparently in no discom- 
fort. There were no palpable masses through the thick abdominal wall and no 
superficial adenopathy. X-rays of the lungs revealed no metastases. An x-ray 
film of the abdomen showed a large rounded soft tissue mass in the left upper 
quadrant with small calcium shadows in it. Fasting blood sugar was 4S mg. per 
cent and following the standard dextrose tolerance test rose to 152 mg. per cent 
one-half hour after taking dextrose solution, 195 mg. per cent at one hour, 49 mg. 
per cent at two hours, and 3G mg. per cent at three hours. 

I witnessed the onset of an attack at about 11:00 A.M. following breakfast at 
8:00 A.ir. the morning of admission. The eyes became “glassy,” the face flushed, 
and the patient, with a peculiar staring expression, was unresponsive to questions. 
Drinking 200 c.c. of a concentrated dextrose solution resulted in a few moments 
in the return of normal expression and usual keen mental alertness. 

It was felt that another laparotomy was indicated to remove the pancreatic 
tumor if possible, since the general well-being of the patient and the fact that 
the history of the attacks showed they were not increasing in severity suggested 
that the neoplasm might not have metastasized. This was performed on Jan. 4, 
1940, under nupercaine spinal and ethylene-ether anesthesia. The upper abdomen 
was entered through an inverted T-incision (Kg. 1). A large mass surrounded 
by dense adhesions was encountered in the body of the pancreas. Palpation of 
the liver and exploration of the general peritoneal cavity revealed no gross 
evidence of metastases. Freeing of the tumor mass was begun by severance of 
adhesions from the gastrocolic omentum and transection of this. The upper aspect 
of the tumor mass was adherent to the posterior wall of the stomach. This 
was freed by cutting away the external muscular coat of the stomach wall over a 
surface of about 5 by S cm. Using the normal size spleen as a handle for the 
mass, the latter was then brought into the operative wound and finally freed of 
all adhering tissue except at two points; namely, its junction with the pancreas 
and over an area about 2 cm. in diameter with the first loop of jejunum. Fearing 
the latter was a point where tumor cells had infiltrated the wall, the adherent 
segment was resected. The tumor and spleen were then removed by cutting trans- 
versely through normal appearing pancreas (and splenic vessels) about 2 cm. away 
from the gToss limits of the tumor. IFhen the latter step was completed, it was 
observed that of the pancreas, the head and about 2 cm. of the neck remained. 
The cut surface of pancreas was sewed over with a continuous suture of fine silk. 
What was thought to be the main pancreatic duct was ligated separately. Just 
proximal to the running suture a silk ligature was passed completely around the 
pancreatic stump and tied snugly. The abdomen was closed in layers with in- 
terrupted silk and silver wire tension sutures. A small soft rubber drain was in- 
serted to the large tumor bed. 

Subjectively the patient felt quite well during all of the postoperative period. 
The drain was removed forty-eight hours after operation and in a few days the 
small amount of serous discharge from the drain tract ceased and the latter 
closed spontaneously. The night of the operation the temperature rose to 104° F. 
rectally. A moderate icterus developed on the sixth day but by the fifteenth day 
had disappeared. 

Twenty-four hours after operation the blood sugar was 500 mg. per cent with 
no acetone or diacotic acid in the urine. One hundred units of insulin were given 
throughout the first day and the next morning the blood sugar was 299 mg. per 



LARGE LSGET-CELb TUMOR OF THE PANCREAS 
Alexander Brujcschwig, M.D., Chicago, III. 

(From the Departments of Surgery anil Medicine of the University of Chicago) 

r | TIL .successful excision of islet-cell tumors of the pancreas has 
now been accomplished with sufficient frequency to render per- 
haps unwarranted the report of a single rather typ ical case. Whipple 
and Frantz* have reviewed the literature up to 1935 and in a more 
recent summary Whipple 2 states that he has collected 110 cases 
(including 15 cases of his own) of hypoglycemia with pathologically 
proved islet-cell tumors. Eighty-two were removed by surgeons at 
operation, of which 69 survived; 3 died within six months of carcinoma 
of islet tissue with metastasis. The neoplasms were usually 1 or 2 cm. 
in diameter and not infrequently multiple. In one case reported by 
O’Leary and Womack 3 (Case III), the neoplasm was quite large, 
measuring 11 by 9 by 9 cm. and weighing 500 Gm. 

The following case was thought worthy of recording because of the 
very large size of this type of tumor (largest .yet reported) and be- 
cause its successful resection again illustrates how radically one may 
operate upon the pancreas in man. 


CASE REPORT 


G. P. L. (No. 233S21), white, male, aged 32 years, traveling salesman, was ad- 
mitted to the University of Chicago Clinics Jan. 1, 1940. The present complaints 
began in April, 1039, when lie had a two-hour period of amnesia during which ho 
performed actions automatically. Four days later he experienced an attach of 
syncope in the street and was revived in a hospital by injections of glucose. 
Subsequently there were many attacks, characterized by convulsive seizures and 
periods of stupor. Glucose relieved the attacks and increased food taking di- 
minished their frequency and intensify. In September, 1939, he was hospitalized 
in another institution where as a result of study a diagnosis of islet-cell, insulin- 
producing tumor was made and laparotomy was performed. The pancreas was 
exposed and a tumor mass, measuring about 6 or 7 cm. in diameter, was found at 
the junction of the body and tail; adjacent to it was a second tumor measuring 

about 1.5 cm. in 
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tologic structure. In tlie central portion of the mass (Kg. BA) the tissue was 
very sclerotic, being composed of dense livalinized anastomosing bands, the interstices 
of which contained small cords of epithelial cells. There were areas of calcification 
but no ossification of the livalinized tissue. Sections taken from elsewhere especially 
from the more peripheral portions of the tumor (Fig. SB), showed it to be composed 
of dense sheets of small epithelial cells with varying shape. The cytoplasm appeared 
for the most part finely granular and the nuclei moderate in size and fairly hyper- 



bls ecteii formalin-axed islet-cell tumor of the pancreas 
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Fig. 1.— Semidiagrammatie representation of operative findings in case reported in 
the text showing site and relative size of islet-cell tumor, type of incision in the ab- 
dominal wall, and treatment of the pancreatic stump after excision of the neoplasm 
and adherent portion or jejunal i\all. 


-Pathologic Study.— The gross specimen consisted of a spherical nodular tumor 
mass 15 cm. in greatest diameter hv 13 by 10 cm. (Fig. 2). Its capsule appeared 
intact. Attached at one point was a tongue of normal appeararing pancreas 2 by 
1 5 by 1.5 cm. The cut surface of the tumor was iibrotic, yellow streaked, and 
dull granular in appearance with several calcareous deposits in the center of tho 
mass. It weighed 673 Gm. 

ATicroscopic examination of sections stained by hematoxylin and eosin taken 

-..no nnrtions of the tumor mass showed considerable variation in liis- 
from various 
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chromatic. In many areas the cells had assumed a rather tall or low columnar ap- 
pearance and were arranged about small lumina or tended to an acinar organization. 
Mitotic figures were infrequent. In cross sections of some of the larger reins, masses 
of tumor cells may he seen within the lumina. 

Supravital stains with Janus green and with neutral red were made by Dr. Sylvia 
Bensley, of the Department of Anatomy. Such stains color selectively the gran- 
ules of the beta cells. Most of the cells in the sections did not contain granules 
which stained with these vital dyes, although there were scattered cells which 
gave a typical beta cell picture. Since, however, the patient had exhibited the 
typical attacks of hyperinsulinisra, it is a justifiable conclusion that in some 
portions of the tumor there were probably masses of functioning beta cells 
(neoplastic] . 

Sections through the segment of excised adherent jejunum showed the presence 
of typical normal pancreatic tissue, including islets in the jejunal wall extending 
through to the submucosa. There was a large duct leading from the intra- 
mural pancreas into the jejunal lumen. In my opinion this abnormal location of 
the pancreatic tissue may well represent a grafting of pancreatic tissue from the 
normal site onto the bowel wall that occurred inadvertently at the previous 
operation when packs had been placed at the sites of biopsy of the tumor and 
subsequently, of course, pulled out. The protocol of the first operation made no 
mention of jejunum being adherent to the tumor or pancreas. 

Pathologic Diagnosis: Islet-cell tumor of the pancreas. Taking into consideration 
the history and gross findings at operation, it is impossible to state whether the 
neoplasm was benign or malignant. 


DISCUSSION 

The above case would appear to be o£ interest because of the un- 
usually large size of the tumor and its rapid growth from about 7 cm. 
in diameter to 15 cm. in diameter over a period of four months with- 
out gross evidence of metastases during this period. This increase 
in size was not accompanied by a parallel increase in number or se- 
verity of attacks as more judicious spacing in the food intake resulted 
in a fair degree of control of the attacks. This might also indicate a 
variation in the insulin output of the tumor as a whole due to varying 
functions in this respect on the part of the tumor cells. From the 
recorded experience with these tumors it would appear that much 
smaller neoplasms than the one reported above secreted as large or 
larger amounts of insulin. 

The postoperative diabetes might be accounted for on the basis 
of relative inactivity of the islets remaining in the normal pancreas 
tissue due to the large output of insulin from the tumor and by the 
fact that, when the latter was suddenly withdrawn, the remaining 
normal pancreas was not prepared to cope with the sudden increased 
demands upon it. That recovery of adequate function in respect to 
insulin production did occur is attested to by the fact that after ap- 
proximately three weeks injections of insulin were not necessary to 
maintain normal blood sugar levels. 

A -study of the sections would certainly warrant the diagnosis of 
malignant neoplasm on morphologic criteria alone. However, from 
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■B-.v 9 A Photomicrograph (XUO) of central portion of islet tumor of 
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STRANGULATED HERNIA REDUCED EN AIASSE 

Daxiel Castex, 3I.D., and 2Iiltox Bodexhebier, 5LD. 

New York. N. Y. 

(Tram the Suvgicai Service of the Hospitfi} for Joint Diseases) 

T HE reduction en masse of a strangulated ingninal or femoral hernia 
is an extremely rare occurrence. From 1702, when this entity was 
first described by Saviard, until 1931 Pearse, 1 was able to collect only 
190 cases, including 1 of his own. Conner and Hewitt- reported 5 cases 
of reduction en masse occurring in a series of 1,618 eases of strangulated 
hernia, an incidence of 0.3 per cent. Pearse states that the incidence 
is approximately 1 in 13,000 eases of inguinal hernia. Since this ex- 
haustive report by Pearse, a total of 15 eases has been added to the litera- 
ture, as follows: Nason and llixter, 5 cases; 3 Dunn, 1 case; 4 St. John, 

3 eases; 3 White, 1 case; 6 Yail, 1 ease; 3 Del Toro, 1 ease; 6 Druekerman, 

1 case; 9 Abell, 2 cases. 10 The reduction en masse of a femoral hernia 
is much more unusual than the inguinal type, a total of only 25 eases 
having been reported to date. We are presenting 2 cases (1 inguinal 
and 1 femoral) which demonstrate several points of interest. 

CASE RETORTS 

Case 1. — W. C. (Xo. 75032). was admitted to the surgical service of the senior au- 
thor (M. B.) on Feb. 12, 1939. He gave a history of intermittent, colichy abdominal 
pain for one hour. About six hours before admission the patient noted a large 
swelling in the right scrotum which he forcibly reduced. He had noted a mass in 
this area for the past five years, but it had never been as large as on this occasion. 
Eighteen years previously the patient had had a right femoral hernioplasty. 

On admission the temperature was 98.4° F. : the pulse rate was CO per minute; 
and the respirations were 20 per minute. There was moderate lower abdominal 
tenderness present but no distention. There were no masses palpable, either 
abdominally or rectallv. The right external abdominal ring was enlarged, and 
a slight impulse was traasmitted through the inguinal canal to the examining finger 
on coughing. The patient developed further signs of intestinal obstruction while 
under observation, and a scout film of the abdomen revealed fluid levels, indicating 
intestinal obstruction. 

A preoperative diagnosis of intestinal obstruction due to reduction cn masse 
of a strangulated hernia or to a strangulated internal hernia was made, and an 
operation was performed by Ur. B. X'. Berg twelve hours after admission. A right 
rectus musclesplitting incision was made. The small intestines were found to be 
greatly diluted. In the right lower quadrant of the abdominal cavity a mass about 
4 indie? in diameter was observed. This was extraperitonenl and bulged into the 
peritoneal cavity. Two limbs of small intestine emerged from this mass, and 
a constriction was found which had strangulated the bowel. Further exploration 
determined that the constriction was at the internal abdominal ring. The ring 
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Ihc biologic standpoint the absence of metastases while the primary 
tumor grew so rapidly in a relatively young adult would favor the 
view that the process was, up to operation at least, actually benign, 
or at least still localized. Previous experience with these tumors has 
shown that, while they might appear malignant histologically, removal 
of such growths has resulted in prolonged survival without recurrence 
of attacks of hyperinsulinism . 4 At the first exploration, two tumor 
masses were observed. These apparently had fused to form the large 
tumor found at the second operation. While the smaller tumor might 
have been a local metastasis, it is equally probable that at the onset 
there were two distinct neoplasms arising from different islets. 
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STRANGULATED HERNIA REDUCED EN MASSE 

Daxiei, Castex, M.D., axd Miltox Bodexhedier, M.D. 

New York, N. Y. 

(From the Surgical Service of the Hospital for Joint Diseases) 

T HE reduction en masse of a strangulated inguinal or femoral liernia 
is an extremely rare occurrence. From 1702, when this entity was 
first described by Saviard, until 1931 Pearse, 1 was able to collect only 
190 cases, including 1 of his own. Conner and Hewitt 2 reported 5 eases 
of reduction en masse occurring in a series of 1,618 cases of strangulated 
hernia, an incidence of 0.3 per cent. Pearse states that the incidence 
is approximately 1 in 13,000 cases of inguinal hernia. Since this ex- 
haustive report l)v Pearse, a total of 15 cases has been added to the litera- 
ture, as follows: Nason and Mister, 5 eases; 3 Dunn, 1 case; 4 St. John, 

3 cases; 5 "White, 1 ease; 6 Yail, 1 ease; 7 Del Toro, 1 case; 3 Druckerman, 

1 ease ; 9 Abell, 2 cases. 40 The reduction en masse of a femoral hernia 
is much more unusual than the inguinal type, a total of only 25 eases 
having been reported to date. We are presenting 2 cases (1 inguinal 
and 1 femoral) which demonstrate several points of intei'est. 

CASE REPORTS 

Case 1. — W. C. (Xo. 75032), was admitted to the surgical service of the senior au- 
thor (M. B.) on Feb. 12, 1939. He gave a history of intermittent, colicky abdominal 
pain for one hour. About six hours before admission the patient noted a large 
swelling in the Tight scrotum -which he forcibly reduced. He had noted, a mass in 
this area for the past five years, but it had never been as large as on this occasion. 
Eighteen years previously the patient had had a right femoral hemioplasty. 

On admission the temperature was 9S.4° F.; the pulse rate was 60 per minute; 
and the respirations were 20 per minute. There was moderate lower abdominal 
tenderness present but no distention. There were no masses palpable, either 
abdominally or rectallv. The right external abdominal ring was enlarged, and 
a slight impulse was transmitted through the inguinal canal to the examining finger 
on coughing. The patient developed further signs of intestinal obstruction while 
under observation, and a scout film of the abdomen revealed fluid levels, indicating 
intestinal obstruction. 

A preoperative diagnosis of intestinal obstruction due to reduction en masse 
of a strangulated hernia or to a strangulated internal hernia was made, and an 
operation was performed by I)r. B. X. Berg twelve hours after admission. A right 
rectus muscle-splitting incision was made. The small intestines were found to be 
greatly dilated. In the right lower quadrant of the abdominal cavity a mass about 
■1 inches in diameter was observed. This was extraperitoneal and bulged into the 
peritoneal cavity. Two limbs of small intestine emerged from this mass, and 
a constriction was found which had strangulated the bowel. Further exploration 
determined that the constriction was at the internal abdominal ring. The ring 
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was divided, and about 0 inches of bowel were withdrawn into the peritoneal cavity, 
d lie bowel was viable. A simple purse-string closure of the neck of the sac was 
performed, and no further attempt was made to repair the hernia. The abdomen 
was closed in layers. During the closure of flic peritoneum it was noted that this 
structure was extremely relaxed in the right inguinal region. Convalescence was 
uneventful, and the patient was discharged on the sixteenth postoperative day. 


Cask 2. -A. V. (No. 7550G), was admitted to the private service of one of us 
(D. C.) on March 13, 1039. On admission the patient gave a history of 
severe, colicky abdominal pain associated with vomiting and obstipation for three 
days. At the onset the vomitus contained old food particles, but it had become 
fecal in character prior to admission to the hospital. The patient had had a right 
inguinal hernia repaired fifteen years previously and this had not recurred, but 
a inass had been noted in the right groin below the old scar on several occasions 
since the operation. The mass, however, had not been noted for several days pre- 
ceding the onset of the present illness. 

Examination revealed an acutely ill patient evidently in severe distress. The 
temperature was 9S.G° F.; the pulse rate was SG per minute; and the respirations 
were 20 per minute. The blood pressure was 128 mm. systolic and 78 mm. diastolic. 
The abdomen was moderately distended, and tenderness was elicited in both lower 
quadrants. No rebound tenderness or abdominal rigidity was noted. No masses 
were palpable either by abdominal or rectal examination. There was a well-healed 
right inguinal hernia scar with no evidence of recurrence of the hernia. No femoral 
hernias were noted. The blood examination revealed the following: red blood cells, 
G, 016,000 per cubic millimeter; hemoglobin, 1!) Gm.; white blood cells, 12,900 per 
cubic millimeter. The differential count showed 71 per cent neutrophiles and 29 
per cent lymphocytes. The blood findings indicated a marked hemoconcentration. 
The urine was normal. 


A preoperatire diagnosis of acute intestinal obstruction was made, with etiology 
unknown. Laparotomy was performed three hours after admission through a 
right rectus muscle-splitting incision. A small amount of serosanguineous fluid 
was found in the peritoneal cavity. The entire jejunum and upper ileum were 
markedly dilated, and the bowel wall was thick, edematous, and dark reddish to 


purple in. color. There was a mass about G cm. in diameter in the right lower 
quadrant of the abdominal cavity; it was properitoneal in position and produced 
a definite bulge into the peritoneal cavity. Two loops of small intestine emerged 
from an opening in this mass, and a marked constriction of the bowel had occurred 
at this point. The constricting ring was divided, and about 8 inches of bowel were 
withdrawn and replaced in the abdominal cavity. Further exploration revealed 
the sac to be a femoral hernial sac which had been reduced en bloc. The femoral 
enino- appeared to be enlarged while the internal abdominal ring was found to 
b uite small. The bowel was viable. Because the condition of the patient was 
6 " carious a simple purse-string suture closure of the neck of the sac was 
^ d without excision and the abdomen was closed in layers. A transfusion 
of citrated blood was given on the operating table. Thirty-six hours 
°* ^ ti'vel r the patient developed a temperature of 108° F. which persisted for 
postopera ^. g re t u rncd to normal in the ensuing twenty-four hours. Other- 

three hours, ^ lscence was uneventful, and tire patient was discharged on the 
wise the com. - Examination three months after the operation revealed 

rrrs — ■ ^ 

the presence oi a “fc 


DISCUSSION 


. o£ a strangulated hernia en masse is, in fact, an ap- 
Tlie reduc io^ t ] ie sac 01 - a rim of the sac and the incarcerated 
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contents are displaced from their accustomed position in the inguinal 
or femoral canals to an anomalous position which is usually properi- 
toneal. During this reduction the relation of the constricting neck of the 
sac to the contents is undisturbed, even in those cases in which partial 
rupture of the sac occurs. An attempt at forceful reduction of a 
strangulated hernia is the usual cause of this apparent reduction, hut 
frequently it may occur spontaneously and even without the knowledge 
of the patient (our Case 2; Nason and Mix ter, Case 1). In many cases 
a history of repeated reductions of the hernia by taxis may be elicited, 
with the last reduction being the most difficult of accomplishment. A 
considerable proportion of these cases occur in recurrent hernias or in 
patients who have had a previous operation for an inguinal or femoral 
hernia. 

The exact mechanism of reduction en masse is not thoroughly under- 
stood, and several theories have been ottered to explain this occurrence. 
It is generally accepted, as pointed out by Nason and Mixter, that certain 
conditions must obtain before reduction en masse can occur: (1) the 
neck of the sac must he sufficiently small to retain and incarcerate the 
contents, (2) the sae must he freely movable in the inguinal or femoral 
canals and not attached firmly to any of the structures in these canals, 
and (3) the neck of the sac must he sufficiently mobile and detached 
from the internal ring (in inguinal hernias). Unless these conditions 
are present, a reduction en masse cannot take place and the strangulated 
hernia either will be reduced completely and satisfactorily or will re- 
main as an irreducible strangulation. 

One theory advanced to explain the mechanism of false reduction is 
that the presence of a large preformed properitoneal space, such as 
might be due to excessive properitoneal fat, is a predisposing cause. In 
Case 1 of our series the surgeon noticed an extremely lax peritoneum 
which would account for the presence of a large properitoneal space. 
Pearse 1 suggests that in many eases a combined or bilocular sae is 
present, consisting of an inguinal pouch and a properitoneal pouch. 
In these cases the strangulated bowel can be displaced from the inguinal 
to the properitoneal pouch. He states that in 15.5 per cent of the re- 
corded eases such an inguinal properitoneal sac was present with the 
strangulated intestine in the properitoneal portion. He also states that in 
77.3 per cent of the cases the entire sae and contents were displaced 1o 
a properitoneal position. 

It is our belief that the reduction of a strangulated inguinal hernia 
cn masse depends on the relationship between the internal abdominal 
ring and the neck of the sae. Ordinarily, attempts at reduction of a 
strangulated inguinal hernia will result in (1) complete and satisfactory 
reduetiori, (2) no reduction and persistence of the external position of 
the strangulated hernia, or (3) reduction en masse. The result will 
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depend in large measure on ilic resistance offered to reduction by the 
h.msvci salts fascia at the internal ring' and the constricting neck of the 
sac. If neither of these constrictions is exceptionally tight, a complete 
and satisfactory reduction will occur. If both remain firm, attempts at 
reduction will fail and the strangulation will persist. If, however, the 
constriction of the neck of the sac is unyielding, while the internal ring 
is lax, a reduction en masse will occur, providing, of course, that the 
three conditions enumerated above as prerequisite for this occurrence are 
present. When a hernia has been present for some time and has been 
reduced frequently, it is not unusual to find a relaxed internal ring with 
separation of the transversalis fascia from the layers of the sac. In fact, 
the transversalis fascia may be extremely attenuated at this point. When 
strangulation supervenes in a case of this kind, it is probably caused by 
fibrosis and stricture of the neck of the sac alone and bears no relation 
to the relaxed internal ring; a situation is set up wherein reduction 
en masse can occur. When the strangulation occurs at the external 
abdominal ring, the above circumstances undoubtedly do not prevail 
because of the firmness of the arched fibers of the external oblique 
aponeurosis forming this ring. It is probable that with this type of 
strangulation reduction en masse rarely occurs because the primary con- 
stricting factor is the aponeurotic structure and not the neck of the sac. 
Inasmuch as a great percentage of strangulations occur at the external 
ring, this may explain the rare occurrence of reduction of a strangulated 
hernia en masse. 

DIAGNOSIS 

The histoiy and symptomatology in a typical case afford the surest 
means of establishing a correct diagnosis. Usually the hernia has been 
present for many years and has been successfully reduced many times 
during this period. Frequently a history of an operation for an in- 
guinal or femoral hernia may be obtained. As a rule, the last reduction 
was accomplished only after excessive manipulation and probably was 
accompanied by pain; finally, the expected relief of the symptoms of 
strangulation did not occur. This is the usual story and, when obtained 
in conjunction with symptoms of vomiting, colicky abdominal pain, 
and obstipation, the diagnosis readily follows. In many cases , however, 
t} typical sequence of events does not. occur. The patient may have 
, 16 -wu+olv unaware of the presence of a hernia, and consequently 

Wn _ . ,, -« 1*4.1 

■ ' of taxis is obtained. In other cases the hernia is reduced witn 
jio hist 01 } ' rec tuces itself spontaneously. In cases of this type the 
great e “ se °* j r j n g S are undoubtedly relaxed, and the strangulation 
inguma oi ^ ^ stenosis of the neck of the sac. Another finding 
is due to n 0 p scll res the diagnosis is the period of temporary 
which occasions . mme ^ iate jy following the reduction en masse, 

respite from sp £ cw }, 0 urs to several weeks and is sufficient 

This period may last 
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in manv instances to obliterate from the patient’s mind the memory of 
the reduction of the hernia. As a result the symptoms of intestinal 
obstruction, when they do occur, are not associated with a strangulated 
inguinal or femoral hernia, and the correct diagnosis is not made. 

The common sequence of events may then be briefly summarized as 
follows *. 

1. An inguinal or femoral hernia has been present for several years 
and may have been operated upon previously. 

2. This hernia has become incarcerated several times but has always 
been reduced by manipulation. 

3. The last reduction was accomplished with more difficulty and was 
accompanied by pain. 

4. The symptoms of intestinal obstruction do not subside as expected 
or subside for only a brief interval. 

Physical examination, except for establishing the fact that intestinal 
obstruction is present, rarely aids in establishing the etiological factor 
in cases of reduction en masse. Moderate abdominal distention is 
usually present, and tenderness over the lower quadrants of the abdomen 
may be elicited. A mass may be palpated occasionally by abdominal or 
rectal examination, but this is a relatively uncommon finding. The 
palpation of an abdominal mass with the examining finger in the in- 
guinal canal is very significant, especially when a pertinent history has 
been obtained. Very frequently the external abdominal ring is enlarged. 
Nason and Mixter point out that a definite defect is commonly noted in 
the inguinal canal with only a very feeble impulse transmitted to the 
examining finger on coughing. 


TREATMENT 

The treatment of reduction en masse of a strangulated hernia is 
surgical. "With intestinal obstruction of the strangulating type, treat- 
ment by suction with either the "Wangensteen or the Miller-Abbott tube 
is definitely contraindicated. After preliminary treatment to restore 
the fluid and electrolyte balance, immediate laparotomy should he 
undertaken. We feel that in all eases the incision of choice is a muscle- 
splitting rectus incision. When doubt as to the diagnosis is present, this 
incision will probably be employed, but it is indicated likewise in those 
eases in which the diagnosis has been definitely established. Proper 
exploration and resection of the bowel, if necessary, are much more 
easily accomplished through this incision than through an oblique in- 
guinal incision, and, if it is deemed advisable, a repair of the hernia may 
be carried out from within the abdomen. We believe that relief of the 
strangulating obstruction is the primary aim of therapy and that little 
time should be spent on repair of the hernia, particularly since many 
of these patients are in poor condition from an obstruction of several 
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daj s duration. The strangulated bowel should be carefully examined 
because of the possibility of minute rupture of the bowel wall having 
occurred as a result of over-enthusiastic attempts at reduction. 

The postoperative treatment is that of any strangulated hernia. In 
this period Wangensteen suction may be employed to great advantage to 
prevent distention of a possibly damaged bowel. Parenteral fluids and 
transfusions are employed when indicated. 

The mortality rate depends almost entirely on the length of time 
elapsing between the onset of obstruction and the operative relief of the 
obstructing mechanism. Pearse states that in a collected series of 164 
cases of the inguinal type the mortality was 40 per cent, while in twenty- 
four cases of femoral hernia the mortality was 70 per cent. With early 
diagnosis and operation through a rectus or midline incision the mor- 
tality rate should be no higher than for strangulated hernias not com- 
plicated by reduction en masse. 


SUMMARY AND CONCLUSIONS 


1. Two cases of reduction en masse of a strangulated hernia are re- 
ported, making a total of 207 cases in the literature. 

2. The mechanism of reduction en masse is discussed. A theory is 
presented which explains this occurrence on the basis of changing rela- 
tionships between the internal abdominal ring and the neck of the sac. 

3. The diagnosis is usually made on the basis of a history of reduc- 
tion of an incarcerated hernia without subsidence of the symptoms of 
obstruction. 

4. Treatment is always surgical. It is important that the abdomen be 
opened through a muscle-splitting rectus incision. 


REFERENCES 

1 Pearse H. E.: Strangulated Hernia Reduced En Masse, Surg., Gynec., and 
' Obst. 53: S22, 1931. 

9 Conner E. H., and Hewitt, A.: Quoted by Pearse. 

3' Nason/ L. H., and Mixter, C. G.: Hernia Reduced En Masse, J. A. M. A. 106: 

T> rm^T "j F • Case of Strangulated Hernia With Reduction En Bloc, Indian 

MGm.'66:'2G7, 1931. , , _ 

_ T ‘ , v . Properitoneal Hernia and Mass Reduction of Strangulated ller- 

5. St. J g 41 ; 183 1933. 

w T) • Strangulated Hernia Reduced E11 Masse, Lancet 58: 325, 1938. 

6. y“ te ».%r , Hen«ia Hednced En Masse, J. Missouri M. A. 35: 34S, 1038. 

7. vail, A. Hfr^no-ulated Hernia: Reduction En Masse, Bol. Asoe. mod. de 

S. Del Toro, J ; . bT ; Tf/\ 03S . 

Puerto Rico • Reduction E n Masse of a Strangulated Hernia, J. Jit. 
9 Druckcrmiui, ** -.q^S 

Sinai Hosp. £ ^ q{ Kentucky M . j. 36: 230, 1938. 

10. Abell, L, <> r -- 



ACUTE COMPLETE OBSTRUCTION OP THE HEPATIC VEINS 

Report of Case Simulating an Acute Abdomen 

Arthur M. Dickinson, M.D., Albany, N. Y. 

(From the Surgical Service at the Memorial Hospital) 

O BSTRUCTION to the hepatic veins is a relatively uncommon con- 
dition, but perhaps it is not as unusual as we have been inclined 
to believe. In 1845 George Budd, Professor of Medicine at King’s 
College, reported a ease of a man who died in the King’s College Hospital 
from idiopathic thrombosis of the hepatic veins. In 1899 Chiari, of 
Prague, described three similar cases of his own and reviewed the liter- 
ature. Accordingly, on the Continent the condition is known as Budd’s 
or Chiari ’s disease. In 1920 Hoover 1 reported some thirty eases from 
the literature since which time there have been quite a number of isolated 
eases reported. 

A variety of causes may operate to result in obstruction to the hepatic 
veins. Pressure from without by tumors, gummas, enlarged glands, 
etc., may be found. Congenital malformations, particnlai-ly of the vascu- 
lar bed, may be factors. Actual disease of the veins themselves, either 
inflammatory or neoplastic or cicatricial, may exist. A primary endo- 
phlebitis has been reported occasionally. Most frequently, however, the 
process is part of a more general one, involving the inferior vena cava 
and/or the portal vein with its tributaries. The condition also may be 
due to a septic embolus which has lodged somewhere in the vessel and 
resulted in thrombus formation. 

Various chemical poisons may cause the condition. It is also seen with 
polycythemia vera, although cerebral or peripheral vessels are more com- 
monly involved than intra-abdominal ones. 

In discussing hepatic complications of polycythemia vera, SobvaP 
says-. “Patients with polycythemia vera commonly consult a physician 
because of vascular thrombosis.” He remarks upon the rarity of 
thrombosis of the hepatic veins in polycythemia vera but reports such 
a case with dyspnea, weakness, ascites, enlarged liver, jaundice, and 
fever. Occasionally, this condition is seen following splenectomy during 
the critical postoperative phase in whicli the thrombocytes arise to a very 
high level. 

Apparently obstruction to the hepatic veins occurs more commonly in 
young people. Sarin 1 gives the average age as 28.5 years. Sex seems 
to have no influence, for males and females show about the same inci- 
dence. The large majority of patients give no history of any definite 
symptoms previous to the onset of the obstruction. 

received for publication, June Jl, 1 otO . 
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Obviously a complete obstruction of the hepatic veins results fatally 
in a short time, and during this period there is marked passive conges- 
tion of the liver and spleen; in addition there are the findings associated 
uith poital obstruction, such as edema of the wall of the intestine 
drained by the portal vein, ascites, etc. An incomplete or partial ob- 
struction may cause complete fibrosis of the lobe or lobule of the liver 
involved, with symptoms similar to those found in complete obstruction 
but less severe. 

Symptoms of this condition will depend upon the extent of the process. 
A mild degree of obstruction may cause no symptoms at all. A gradual 
or chronic type of obstruction will give rise to symptoms very similar 
to those occurring with portal cirrhosis. There will be epigastric dis- 
tress, some enlargement, of the liver and spleen, ascites, dilatation of 
collateral veins, etc. 

The acute type, which seems to be the more frequent type en- 
countered, comes on suddenly and may simulate closely some acute 
surgical lesion of the abdomen. The onset is usually abrupt with severe 
abdominal pain located in the upper abdomen ; often there is persistent 
nausea and vomiting; there may be a slight icterus; elevation of the 
temperature may occur, but more frequently the temperature is sub- 
normal; the pulse becomes rapid and the patient appears to have suffered 
a major abdominal catastrophe. Examination discloses an enlarged 
liver, the margin of which is tender hut smooth; splenic enlargement 
may be made out if spasticity of the abdominal muscles permits; the 
abdomen is distended and hard; free fluid is usually present within 
the peritoneal cavity iii varying amounts. The patient is bathed in 
perspiration and has a marked pallor. Occasionally, there may be a 
cyanosis of a lilac shade. The white blood count is usually markedly 
elevated with a preponderance of neutrophiles. The urine may show 
evidence of renal irritation and perhaps a trace of bile. Commonly these 
patients with an acute obstruction become rapidly worse and die within 
thirty-six to forty-eight hours after the onset. It is easy to understand 
} 10W ' a casc presenting such symptoms may be considered a surgical 
problem and may be subjected to exploration. The literature docs not 
record many such errors, but I believe tin's is due cither to failure of 
recognition or to lack of interest. In discussing portal thrombosis, a 
loselv associated condition, Pallette 3 describes a case in which the 

^‘ os - s r uptured ectopic pregnancy led to exploration of the 


abdomen. 

The diagnosis of 
mortem, although 


obstruction 
there are a 


of the hepatic veins is usually made post 
few confirmed reports of ante-mortem 


l diagnoses. o 

p M a male, aged 2G years, entered tlic hospital on April 
Report.— • * •» scver ’ c u pp er tibdoniin.il pain of forty-eight hours’ dura- 
itli the comp a '^ ffen j v .f ou r hours. The pain was described as crntnplihe and 
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The patient 's past history was essentially negative, although he had been “slowing 
up” for several months and had had a little indigestion. There had been no recent 
colds or dyspnea nor other possible exeiting factors. 

The present illness had commenced forty-eight hours previously with a crarnpj 
pain in the upper abdomen: later it became steady and generalized. Vomiting 
began twenty-four hours before admission and had been continuous. There had 
been some diarrhea for forty-eight hours, frequent watery stools without tenesmus. 
The patient looked sick upon admission. His face was flushed, but he had a 
pinched expression. He was clear mentally and responded promptly to questions. 
The tongue was dry and coated. The sclera had an icteroid tinge. The heart and 
lungs appeared negative. The temperature was 103,6°; pulse, 110: respirations, 2S; 
blood pressure, 118/76. The abdomen was distended throughout. There was marked 
tenderness in the upper half and rigidity of the entire abdomen. There was tympany 
in the midabdomen with dullness in both flanks. The liver dullness was noted not to 
be diminished and in fact was thought to be increased. Free fluid was detected in the 
flanks. Eectal examination was negative. The white blood count was 16,160. The 
urine showed a trace of albumin and a few red blood cells. No x-rays were made. 
Blood chemistry studies reported later showed a blood sugar of 33 mg.; N.P.N., 9S 
mg.; urea N, 11 mg. per 100 c.c. of blood. The blood Wassermann was reported 
negative. The clinical impression was that we were dealing with an acute abdomen, 
probably a perforated peptic ulcer. 

The patient was prepared for operation and given 1,000 c.c. of 10 per cent dextrose 
intravenously. 

An upper right rectus incision was made and enlarged later for exploration. As 
soon as the peritoneum was opened, there was a leakage of clear, bile-tinged fluid 
of which some 50 ounces were removed by suction, No perforation was found and 
no evidence of acute exudate noted. The liver and spleen were markedly enlarged, 
blue-black in color, smooth, and very hard. The mesentery and intestinal wall were 
edematous throughout; there were very many petechial hemorrhages in the serosa 
of both; the mesenteric glands were enlarged and the portal vein distended. Con- 
vinced that the condition was one of portal thrombosis, a biopsy of the liver was 
made and then the incision was closed. 

Following operation, the patient became weaker, continued to vomit, and expired 
about twelve hours later. 

A post-mortem examination showed the following interesting findings: There 
was about 2,500 c.c. of clear, straw-colored exudate In the peritoneal cavity. The 
diaphragm was pushed up to the level of the third interspace on the right and the 
fourth rib on the left. The mesenteric nodes were generally enlarged. The 
mesentery was edematous and its vessels congested. The pleural cavities contained 
about 300 c.c. of a fluid similar to that in the peritoneal cavity. The pericardial 
fluid was increased in amount and bile tinged. The right heart was dilated. The 
endocardium of the left ventricle showed petechia! hemorrhages. The lungs were not 
remarkable. The spleen was greatly enlarged and mushroomed up against the 
diaphragm. The stomach and intestine showed some congestion but otherwise were 
negative. The liver was enlarged and weighed 2.300 Gm. Its surface was dark- 
red and firm. Sections showed the liver markings to be obliterated and numerous 
pale areas were noted which had a yellow-green color. The large vessels through- 
out the liver were dilated. Their walls were thin and they contained blood clots 
within the lumina. The portat vein and its tributaries, the splenic and mesenteric 
veins, were dilated and filled with coagulated blood which was loosely attached. 

Microscopic examination of the removed organs revealed interesting changes. 
The heart showed marked fragmentation of the muscle filters; the fibers were swollen 
and edematous. .Scattered throughout were numerous leucocytes, of which many 
were polymorphonuclear?, Numerous sections of tlie liver were studied and these 
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Obviously a complete obstruction of the hepatic veins results fatally 
in a short time, and during this period there is marked passive conges- 
tion of the liver and spleen ; in addition there are the findings associated 
with portal obstruction, such as edema of the wall of the intestine 
drained by the portal vein, ascites, etc. An incomplete or partial ob- 
struction may cause complete fibrosis of the lobe or lobule of the liver 
involved, with symptoms similar to those found in complete obstruction 
but less severe. 


Symptoms of this condition will depend upon the extent of the process. 
A mild degree of obstruction may cause no symptoms at all. A gradual 
or chi'onie type of obstruction will give rise to symptoms very similar 
to those occurring with portal cirrhosis. There will he epigastric dis- 
tress, some enlargement of the live r and spleen, ascites, dilatation of 
collateral veins, etc. 

The acute type, which seems to be the more frequent type en- 
countered, comes on suddenly and may simulate closely some acute 
surgical lesion of the abdomen. The onset is usually abrupt until severe 
abdominal pain located in the upper abdomen ; often there is persistent 
nausea and vomiting; there may be a slight icterus; elevation of the 
temperature may occur, but more frequently the temperature is sub- 
normal ; the pulse becomes rapid and tbe patient appears to have suffered 
a major abdominal catastrophe. Examination discloses an enlarged 
liver, the margin of which is tender but smooth; splenic enlargement 
may be made out if spasticity of the abdominal muscles permits; the 
abdomen is distended and hard; free fluid is usually present within 
the peritoneal cavity in varying amounts. The patient is bathed in 
perspiration and has a marked pallor. Occasionally, there may he a 
cyauosis of a lilac shade. The white blood count is usually markedly 
elevated with a preponderance of neutrophiles. The urine may show 
evidence of renal irritation and perhaps a trace of bile. Commonly these 
patients with an acute obstruction become rapidly worse and die within 
thirty-six to forty-eight hours after the onset. It is easy to understand 
how a case presenting such symptoms may he considered a surgical 
uroblem and may be subjected to exploration. The literature docs not 
record many such errors, but I believe this is due either to failure of 
recognition or to lack of interest. In discussing portal thrombosis, a 
10 °\r associated condition, Pallettc 3 describes a case in which the 
d° vnosis of ruptured ectopic pregnancy led to exploration of the 


ab qO m diagnosis ^ O j }struction 0 f t] lc hepatic veins is usually made post. 

■^ ie although there are a few confirmed reports of ante-mortem 


cal diagnoses. 

•n M a male, aged 26 years, entered the hospital on April 23, 
ise KepORT.— • - ^ sevcr ’ c UJ)per abdominal pain of forty-eight hours' dura- 

with the conip am ] I0U r« Die pain was described as cramplih'o and 

’ad vomiting for twcI ' 



SYPHILIS OF THE STOMACH NECESSITATING 
TOTAL GASTRECTOMY'* 

C. Harold Avext, M.D., Memphis, Texn. 

(From the Department of Surgery, the College of Bedicine, University of Tennessee) 

S YPHILIS of the stomach necessitating total gastrectomy is rare. 

Poole and Foster 1 reported the first case in 1931, and a thorough 
search of the literature fails to reveal any other similar case. It is in- 
teresting to note that total gastrectomy, an uncommon procedure and 
associated with a mortality rate of 40 to 50 per cent, 2 was successful in 
the case of Poole and Foster and in the one reported here. 

case report 

Bistory. — R. S., a negro wan, aged 31 years, was admitted to the medical service 
of the John Gaston Hospital on July 21, 1939, complaining of inability to “keep 
food down” of four months’ duration. Vomiting at the onset of his present 
illness occurred at infrequent intervals, and the vomitus contained undigested food 
particles. The intervals between vomiting gradually shortened until the time of 
admission to the hospital, when all solid food was vomited soon after its ingestion. 
At no time in the course of his illness had the patient had pain. The most dis- 
comfort that he had ever felt was a sense of ‘ ‘ fullness ’ ’ which occurred just before, 
and was relieved by, vomiting. The patient stated that he had never vomited 
any blood nor had his stools been black. 

Prior to the onset of the present illness he had never had any digestive dis- 
turbances of any description. 

In 1933 the patient received “ten shots’" for his blood, but the history of 
primary or secondary syphilitic lesions could not be obtained. 

There was no evidence of syphilis obtained from the family history. 
Examination. — Physical examination revealed a young negro adult showing a 
marked degree of malnutrition and dehydration. Xo further facts could be elicited 
by physical examination. The abdomen presented no palpable masses and no areas 
of tenderness. 

The red blood cell count was 4,130,000 per cubic millimeter. The value for 
hemoglobin was 12 Gin. The white cell count was 7,950 per cubic millimeter, with 
lymphocytes, 25 per cent ■ neutrophiles, 73 per cent; and eosinophiles, 2 per cent. 
The Wassermaun and Kahn reactions were positive. 

Gastric analysis showed a complete absence of free hydrochloric acid and a 
total acid of three degrees. 

Roentgen Examination (Hr. V. E. D. Andersont). — After the oral administra- 
tion of barium sulfate roentgen examination showed a moderately dilated esophagus. 
The barium mixture entered the stomach readily, but, except for a faint trace, did 
not pass beyond the cardia. There was a funnel-shaped projection of barium, 

.... Illustrations for this paper were prepared bj- Dr. J. L. Scianni, medical illus- 
“y or for the Department of Pathology, the College of Medicine. University of Tennes- 

Kecetved for publication. June 2G, 1940. 

Pcc ,Fr ° m thC Dcpartmcnt of Radiology, the College of Medicine, University of Tennes- 
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all showed widespread hemorrhage and necrosis. Small islets of relatively normal 
appearing liver parenchyma appeared about the portal triads. The central veins and 
the adjacent sinusoids were markedly engorged. The liver cells of the central part 
of the lobules were indistinct and leucocytic infiltration was evident. The portal 
veins were greatly distended with blood, but definite thrombosis of the smaller 
radicles was not observed. Some of the sections included large veins located nea'r 
the periphery of the liver or outside of it. These veins all exhibited varying de- 
grees of thrombophlebitis. One vein showed an organizing thrombus invaded by 
fibroblasts and attempts at canalization. Other large veins showed a fibrinous 
exudate adherent to the endothelium. In another section a large vein was seen 
partly filled by a thrombus showing fibroplastic organization. 


DISCUSSION 


The predominating pathology in this particular case would seem to 
be in the liver and takes the form of acute passive congestion of extreme 
degree with widespread hemorrhage and necrosis of the liver paren- 
chyma. Such findings strongly suggest a sudden and complete blocking 
of the portal circulation proximal to the central veins of the liver. Sec- 
tions show thrombophlebitis and complete thrombosis with beginning 
organization of the large veins of the liver. Grossly, the primary 
thrombosis was thought to be in the portal veins, hut the existing changes 
in the liver can be more readily explained on a basis of obstruction of the 
hepatic veins. 

The etiology of the thrombosis cannot be definitely determined. The 
acute onset in a person thought to have been previously’' well would 
seem to eliminate many of the possible etiological factors which are 
mentioned above. The post-mortem material fails to reveal any note- 
worthy evidence of such factors. The findings of acute myocarditis, 
cloudy swelling of the kidneys, and mesenteric lymphadenitis certainly 
suggest that infection did play an important role. Finally, we know that 
in certain instances no definite factor can he made out and such cases are 
described as idiopathic progressive thrombosis, of which this case may- 
be an example. 

CONCLUSIONS 


A case of acute, complete thrombosis of the hepatic veins due to 
infection or idiopathic in origin is recorded with the principal post- 
mortem findings. 

The patient had been subjected to exploratory laparotomy under the 
/ ^hat the condition was an acute surgical emergency. 

111 Tlmliterature of this condition is briefly reviewed. 
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two-thirds normal size, its surface wrinkled. The curvatures of the stomach nere 
almost obliterated by an infiltrating process which left the stomach a straight, 
thick, and leathery tube. The infiltration began about 2.5 cm. proximal to the 
pylorus and extended upward to the esophagus. The walls of the stomach were 
thick, and at the juncture of the body and cardia a complete stricture could be 
palpated. The esophagus was elongated and extended about 5 cm. below the 
diaphragm. Its transverse diameter was approximately twice normal (Fig. 2). 

The adhesions between the left lobe of the liver and diaphragm were severed, 
and the left lobe was retracted; this allowed adequate exposure without severing 
the coronary ligament. The two curvatures were next freed, after dissecting the 
spleen from its attachment to the stomach, and the duodenum was cut across just 
distal to the pylorus (Fig. 3A). The distal end of the duodenum was closed, and 
the suture line buried in the peritoneum over the pancreas. The jejunum was then 
brought anterior to the transverse colon, and a point about 18 inches below the liga- 
ment of Treitz was selected for anastomosis to the esophagus. The stomach was used 
for traction while two posterior rows of sutures were taken between the esophagus 
and jejunum (Fig. 3 B and C). After the esophagus and jejunum were thus 
securely attached, the stomach was removed with about 5 mm. of esophagus and 
the end-to-side anastomosis completed. Enteroenterostomy was not done (Fig. 3D). 
The abdominal wall was closed with through-and-tlirougli sutures of silk. The 
patient was given a 500 c.e. blood transfusion and returned to the ward in fair 
condition. 



Patho topic Report (Dr. V. A. D. Anderson) Macroscopic . — The specimen was 
a thick-walled tubular stomach measuring 1-1 cm. in length and 0 cm. in circum- 
ference (Fig. 4). At its thickest part the wall measured S mm. At the upper 
end of Die specimen esophageal mucosa was evident and was white in color and 
relatively smooth. The esophageal mucosa merged, in an indefinite line, into the 
mucosa of the stomach. The gastric mucosa at this point was of a dark gray 
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smooth in outline, which extended into the body of the stomach for about 2.5 cm. 
The main portion of the body was markedly constricted. The funnel-shaped out- 
line of barium was remarkably smooth. After further ingestion of barium sulfate 
it was noted that the cardiac orifice remained open and a considerable amount of 
the mixture was regurgitated into the widened esophagus (Pig. 1). Only a very 
small amount of barium trickled through the strictured area of the stomach. After 
six hours there was about !>0 per cent retention of barium above the stricture. 

Dr. Anderson concluded from his roentgen examination that the gastric lesion 
was benign. 

In consultation with the Medical Service I advised surgical relief of the ob- 
struction, but the patient declined the operation and signed his release from the 
hospital on July 27, 1939. 

On Aug. 30, 1939, the patient returned to the hospital and was admitted to the 
Surgical Service. The amount of food tolerated was considerably less than it had 
been one month previously. Only fluid in small quantities was retained. His 
weight was 110 pounds, which was 70 pounds below normal. Dehydration was 
marked. 

The patient was prepared for surgery by the parenteral administration of dex- 
trose, physiologic saline solution, and vitamin concentrates. 



_ shows almost complete obstruction at the Juncture of the 

fundlS an! body “of f^stomaeh. 7 n V C "/»rr; ted ns 

ga S t ] riffu“bcforc operation. 


n Ment 0 193Sb under intratracheal cyclopropane anesthesia the 
Operation. 11 -tltrougU a long, left reel us incision. The liver was about 

abdomen uns opene aJU j jj ie reduction in size was particularly marked in t lie 
three-fourths norma 0 f which just overlapped the medial border of the 

left lobe, the latent n ]jght gray, and its surfaces presented small sears, 

esophagus. The l»' er ^ a ,u lCS ioiis between the liver and diaphragm. The spleen 
There were numerous ' s i ze , and its upper posterior surface was densely 

wa s about three times n ^ 0 f ( | ie l,odv of the stomach. The stomach was 
adherent to the anterior s 
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color, rough, and granular but without definite rugae. An irregular area of ulcera- 
tion was present in the proximal portion about 4 mm. beyond the distal margin of 
the esophageal mucosa. This ulcer measured 13 mm. in its maximum diameter. 
It had sharp punched-out walls, and the edges, particularly at its distal margin, 
were undermined. It extended to a depth of 5 mm., and the wall of the stomach 
forming the base of the ulcer was 3 mm. thick. The base was irregular, rough, 
and of a dirty gray color, and it was covered by opaque, necrotic materia). The 
remainder of the gastric mucosa presented many tiny 7 areas of superficial ulcera- 
tion and pin-point hemorrhages. The gastric wall gradually thinned out in the 
distal third to a 2 mm. thickness. The distal % cm. of the specimen was part of the 
duodenum. In this portion the mucosa was intact, light yellowish white in color, 
and markedly 7 rugose. 



■cmo- A The greater and lesser curvatures have been freed, and clamps have been 
n ‘ the duodenum just distal to the pylorus. B, The duodenal stump has been closed, 
p ?S o 0 ?nhirp line has been reinforced with posterior peritoneum over the pancreas. The 
« been turned upward and used for traction while the posterior approxlma- 
stomach has an( j the jejunum is made with a continuous catgut suture through 

tion of the <s P mllsCU j ar layers. The jejunum has been brought anterior to the trans- 
the serous and museum a ‘jg roximate , y 18 , nchea from the ligament of Treitz has been 
verse colon, a ■ q * nmos j S . c. The esophagus and jejunum have been opened and cleaned 
selected for ana internal row of continuous catgut suture begun. Note that, not 
by suction, ana t internal row <,f sutures is finally placed, is the stomach completely 
until the posterior en(1 T j,- ls ; s a most important step because, when the stomach 
severed at us P‘o.“ t j ie esophagus and jejunum are securely united by the two 

is used for traccio tlie nl0 st difficult technical handicaps are overcome. D, Here 

posterior rows oi su completely removed ; the interna! row of sutures lias been coin- 


posterior rows O. - -- comD i c teIv removed : tlie internal row of sutures lias been com- 
tlie stomach has oey n 0 nnell suture: and the posterior approximating suture has 
nleted anteriorly "‘i ntl j s beinp- used as a continuous suture anteriorly to complete 
Ete en anSno S r A Icjunojejunostomy Is not done. 

-■ pal cud of the specimen the esophagus was dilated to n circiim- 
At the proxm > otomneh the lumen was greatly narrowed and in (he 

ference of 6.5 c» ^ ^ cm . 

central portion » c ‘ stomac u was very firm and fibrous. The muscular layers 

The. thick wall of nic » • 

could not be grossly ideut.fie - 
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Fig. 4. — Photograph of the fixed gross specimen. At the upper end a distinct rim of 
esophagus may be easilv recognized, and a comparison of its dilated lumen may be 
made with narrowed lumen of the stomach. The walls of the stomach are thick with 
light fibrous tissue. At the lower end of the specimen normal duodenal mucosa is seen. 
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color, rough, and granular but without definite rugae. An irregular area of ulcera- 
tion was present in the proximal portion about 4. mm. beyond the distal margin of 
the esophageal mucosa. This ulcer measured 13 mm. in its maximum diameter. 
It had sharp punchcd-out walls, and the edges, particularly at its distal margin, 
were undermined. It extended to a depth of 5 mm., and the wall of the stomach 
forming the base of the ulcer was 3 mm. thick. The base was irregular, rough, 
and of a dirty gray color, and it was covered by opaque, necrotic material. The 
lemainder of the gastric mucosa presented many tiny areas of superficial ulcera- 
tion and pin-point hemorrhages. The gastric wall gradually thinned out in the 
distal third to a 2 mm. thickness. The distal % cm. of the specimen was part of file 
duodenum. In this portion the mucosa was intact, light yellowish white in color, 
and markedly rugose. 



TMrr s A The creater and lesser curvatures have been freed, and clamps have been 
the "duodenum just distal to the pylorus. B> The duodenal stump has been closed, 
pl ^ C *SL°«,it.ire line has been reinforced with posterior peritoneum over the pancreas. The 
and the su ui turned upward and used for traction while the posterior approxima- 

stomach has am j the jejunum is made with a continuous catgut suture through 

t\on of the esop muscular layers. The jejunum has been brought anterior to the trans- 
the serous uni oint approximately 18 inches from the ligament of Trcitz has been 

verse colon, anu a p esophagus and jejunum have been opened and cleaned 


until t nrnvimal end. This is a most important step oecausc, wuvn 
severed at its Imtil the esophagus and jejunum are securely united by the two 

is used- for tracno most difficult technical handicaps are overcome. J>, Here 

posterior rows o* s J l co ’mpletelv removed; the internal row of sutures has been com- 
the stomach has ow.* Connell suture; and the posterior approximating suture has 
Dieted anteriorly *wui . * . used ns a continuous suture anteriorly to complete 

been brought a*’° u 5 ia e ? u nojejunostomy is not done, 
the anastomosis. -«• j *» 

• 1 en( j of the specimen the esophagus was dilated to a circum* 

At the proxnua stomach the lumen was great) y narrowed and in the 

ference of 6.5 cm. ^ - cnJ . 

central portion mea ^ was very firm and fibrous. The muscu)ar Infer? 

The thick wall of tftc 
could not be grossly ideuhfie ■ 
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Postoperative Course . — Convalescence was. remarkably smooth and uneventful. 
Continuous suction siphonagc of the jejunum was maintained for seventy-two hours, 
at which time the indwelling catheter was removed and small amounts of water 
were allowed by mouth at frequent intervals. There was a gradual increase in 
quality and quantity of food until the fourteenth postoperative day. At that time 
the patient was on a complete diet with the vegetables pureed and the meat ground 
and taking five small meals per day. (It is interesting that from the third post- 
operative day the patient complained of a ravishing hunger.) 

The patient’s gain in strength and weight was steady. He was discharged on 
Oct. 6, 1939, to the Out-Patient Department to receive antisyphilitic therapy. He 
has been very uncooperative, refusing all medical treatment and ignoring dietary 
instructions. He was last seen March 10, 1910, six months after operation, when 
his weight was 157 pounds, 11 pounds above the preoperative weight. He was 
eating a full diet, and his only precaution was the “chopping-up” of his food. 
Soon after he left the hospital, too rapid eating of food was followed by regurgi- 
tation, but at the present time the patient states that he can eat as much as anyone 
else and that he eats more often only because he is hungry all of the time. 

His red blood cell count six months after operation was 3,750,000 per cubic 
millimeter with a hemoglobin value of 12.5 Gm. His red cell count has been con- 
sistently between 3,500,000 and 4,030,000 since operation. 

Table I 


CLINICAL FINDINGS 

POOLE & FOSTER 
(1 CASE) 

author’s case 

Age (years) 

37 

31 

Sex 

F 

M 

Race 

\Y 

C 

Symptoms of gastric obstruction 

Yes 

Yes 

Progressive weakness & wt. loss 

Yes 

Yes 

Hematemesis 

No 

No 

Duration of symptoms 

12 mo. 

4 mo. 

Gastric HG1 (fasting) 

Free, 0 ; total, 4 

Free, 0; total, 3 

Wassermann reaction 

Positive 

Positive 

Total R. B. G. 

5,000,000 

4,130,000 

Hemoglobin 

100% 

12 Gm. 

Palpable mass 

Xo 

No 

Diffuse involvement of stomach 


Yes 

Total gastrectomv necessarv 


Yes 

Recovery 


Yes 

Developed pernicious anemia 


Too early 


COMMENT 

Table I shows the remarkable similarity between Poole and Foster’s 
ease and mine. Eusterman 3 has described very accurately the c lini cal 
picture of syphilis of the stomach which these two eases typify. After 
reviewing the literature and reporting ninety-three additional cases 
from the Mayo Clinic, he stated that the clinical characteristics of 
syphilis of the stomach are "... the comparative youth of the patient 
(average age 34), the short duration of the symptoms in comparison 
to those of duodenal ulcer and the fact that they are more comparable to 
carcinoma than to ulcer, the high incidence of positive Wassermann 
reactions, the almost invariable absence of free hydrochloric acid in the 
gastric content, and its low concentration when present, and the charac- 
teristic filling defect, usually prepyloric and often accompanied by 
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Micioscopie. A section taken through the gastroesophageal juncture (Fig. 5) 
showed the squamous epithelium of the esophagus as it merged with the gastric 
mucosa. 7 ho wall in this portion of the stomach was greatly thickened by fibrous 
connective tissue which was most prominent ns a layer between the circular anti 
longitudinal layers of muscular tissue. This fibrous layer ended abruptly at tho 
margin of the esophagus. There was an irregular, diffuse infiltration by round 
cells which was most prominent around or near small arteries. The same small 
blood vessels showed a rather marked degree of endarterial fibrous thickening 
(Fig. G). 

A section taken from the stomach wall showed a superficial area of ulceration 
of the mucosa with a dense exudate of fibrin and polymorphonuclear leucocytes on 
the surface. Beneath this in the submucosa there was a dense collection of chronic 
inflammatory cells, mainly plasma cells and lymphocytes but with some eosinopliiles 
and polymorphonuclear cells. Some granulation tissue was present here at the 
base of the ulcer. Beeper in the submucosa the collections of chronic inflamma- 
tory cells were most prominent around or near small blood vessels. Some mild 
chronic inflammatory infiltration extended between muscle bundles in the muscular 
coat. There was some increase of connective tissue in the subserosa. 



- i .... nimtomicrograplt showing focal infiltration which sonic authors 
Fig- < — Anotlief P cells arc lymphocytes with an occasional plasma 

jsignate as b 

;I1 -'inti cos^l^ e[ , j,jarl;cfl perivascular infiltration with lymphocytes, plasma cells, and 

a occasional cosinophiie. 


from a different portion of the wall formation of connective tissue 
In a sec ion ^ /-pj^ y) aI i<] perivascular (Fig. S) collections of lympho- 

was more 1,uu , in(1 iu ,mial thickening of small arteries was present. Super- 

cytes " CIC ^ r ] m oes were present. 

fieial small he /\i-=suc w( , r( , s {, K Jicd hr the Lerndi/i technique. There were 
Several sections o took ,| 1(1 silver stain, but these were so infre- 

occasional strands " tint their identification as spirochetes seemed 

quent and so indefinite i 

unjustifiable. 
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develop the function of holding a large portion of food which is one 
function of a stomach. It is also a sound physiologic principle to short- 
circuit bile and pancreatic secretions from as small a portion of the 
upper intestine as possible. 

The maximal period of life following total gastrectomy, according to 
Walters,- has been four years and eight months. The question of how 
long it is possible for a patient whose stomach has been completely re- 
moved to live is as yet unsolved. Practically all total gastrectomies have 
been done for malignancies, and death in those upon whom operations 
have been successful has resulted from a recurrence of the malignancy. 
However, when total gastrectomy has been done for syphilis, the question 
of recurrence is eliminated and a more satisfactory answer to the ques- 
tion may be obtained. In a recent personal communication with Poster 3 
he stated that the patient upon whom he did a total gastrectomy for 
syphilis 1 in 1926 was still living thirteen years and eight months after 
operation. She developed pernicious anemia four years after the 
operation, but the anemia has been satisfactorily controlled with the 
administration of ventriculin. This lends credence to the opinion that a 
person may maintain a surprisingly comfortable existence for an in- 
definite time without a stomach. Although my ease has lived only 
seven and a half months to date, the ease with which nutrition is main- 
tained is amazing, and it seems quite possible life and work may be 
carried on indefinitely particularly when regarded in the light of Poole 
and Foster’s experience. 

SUMMARY 


1. What is considered the second case of syphilis of the stomach neces- 
sitating total gastrectomy is reported in detail and compared with the 
only previously reported case. 

2. The diagnostic criteria and the surgical indications for surgery 
of gastric syphilis are reviewed. 

3. The technique of total gastrectomy is illustrated and the importance 
of omitting a jejunojejunostomy is stressed. 

4. Life may be maintained successfully for an indefinite time when 
total gastrectomy has been done for a benign lesion even though a severe 
degree of anemia develops. The anemia may be satisfactorily controlled 
by medical means. 

Since this ease report was submitted to the publishers, there has been 
an interesting follow-up on the patient: 


lie was readmitted to the John 
operation, with lobar pneumonia, 
rapid. 


Gaston Hospital Jan. 9, 1941, sixteen months after 
Response to sulfathiazol was prompt and recovery 


llis red blow! cell count was 4,500,000 and the value for hemoglobin was 13.2 Gm. 
He was eating three meals a day. Each meal consisted of an - - 

selection, and he could eat as large a quantity at one meal as hi had eTer fllne. He 
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dilatation of the duodenal cap. ...” He also emphasized that there is 
less emaciation, anemia, bleeding, and pain than one usually finds with 
otiier lesions producing such deformity as seen on the roentgenologic 
examination. 


It is further noteworthy that the pathologic picture in Poole and 
Foster’s 1 case and the one reported here, although not conclusive when 
considered alone, is consistent with a diagnosis of syphilis and serves 
as confirmation of the clinical picture. The failure to find spirochetes 
in the tissue is disappointing, but it is a generally accepted fact that the 
demonstration of spirochetes in late sygphilitic tissue is often impossible. 

Ordinarily syphilis is considered a disease whose treatment is pri- 
marily medical. However, in the treatment of gastric syphilis surgery 
is frequently indicated. The differential diagnosis between syphilis and 
carcinoma, at times, is so difficult or impossible to make upon a clinical 
basis that resection of the lesion is indicated because it is the safest course 
to follow. Surgery is necessary in obstructing syphilitic lesions of the 
stomach because, as Beck 4 has pointed out, “. . . no antisyphilitic 
therapy will be able to cure a cicatricial contraction . . . operation is the 
cure of mechanical obstruction. ” In accord with Beck are Allen, 5 
LeWald, 6 and others. Graham, 7 in reviewing the literature, believes 
surgery for syphilis of the stomach is indicated when either bleeding, 
perforation, or obstruction is a complicating factor and concludes that 
resection of the pathologic tissue is the procedure of choice rather than 
some short-circuiting operation. 

As antisyphilitic therapy may be relied upon to control the future 
advance of the disease, surgery’s singular purpose is the control of the 
pathologic process at the time of surgical attack. Total gastrectomy 
is indicated only when the entire stomach is so involved in cellular in- 
filtration and scarring that nothing short of total gastrectomy will re- 
move the pathology. In the case reported here, complete gastrectomy 
was never considered before the abdomen was opened. As may be seen 
in Fi". 1 the dilatation of the abdominal esophagus was easily mis- 
interpreted as the gastric fundus, and I felt that a subtotal gastrectomy 
would be relatively easy. However, when the pathology was actually 
seen the total extirpation of the stomach was necessitated, for only after 
its removal was it mechanically possible to do an esophagojcjunostomy. 

The total gastrectomy as illustrated in Fig. 3 A, B, C, and D was made 

hv the elongation and dilatation of abdominal 
simpler than usu«u u. 


CS T ^cuteroenferostomy between the loops of the jejunum was not done. 

i s l <= oointed out that this procedure is not only unnecessary but 
Lahe.v 10 1 majority of cases. If the anastomosis between the 
undesirable m 1 m f ree aJU ] mobile , the proximal loop will empty 
esophagus {hc prox imaI loop may dilate and at least 



EPILOIA 
Report op Cases 

Laurence M. Quill, M.D., and Esther C. HLaeting, M.D. 
Cincinnati, Ohio 

(From the Department of Surgery of the College of Medicine, University of Cin- 
cinnati, and the Cincinnati General Hospital) 

E PILOIA is a clinical syndrome characterized usually by mental de- 
terioration, epilepsy, adenoma sebaceum of the skill, and tuberous 
sclerosis of the brain. Other features inconstantly associated with the 
syndrome are benign tumors of the liver, spleen, kidney, heart, gastro- 
enteric tract, retina, lung, thyroid, thymus, uterus, urinary bladder, and 
nail beds. 

Sherlock 1 in 1911 coined the name epiloia for this remarkable clinical 
and pathologic entity. In England and in Europe approximately 1 per 
cent of the institutionalized epileptics and mental defectives suffer 
from this disease. In the United States the incidence of epiloia is re- 
ported to be but one-tentli as frecpient. Hopwood, 2 for instance, found 
f> cases of epiloia from a total of 4,000 records (0.1 per cent) at the Insti- 
tution for Feebleminded, Orient, Ohio. Epiloia is described by Sherlock 
as a heredofamilial degeneration, and a family psychopathic history is 
sometimes obtainable. The occurrence of epiloia in one family through 
three generations has been reported by Kirpiznik 3 and in 5 of 9 siblings 
by Bouwdijk. Bastiaanse, and Landsteiner. 4 Falling”' reported the pres- 
ence of epiloia in both of identical twins and, especially because of the 
mirror-image position of some of the skin and neurological lesions in his 
patients, concluded that the disease resulted from a defect in the zygote 
in its early life and that it was probably a truly hereditary (genotypical) 
disorder. Cockayne 0 states that epiloia is a dominant characteristic 
which appeal’s to be very incomplete so that heterozygotes are sometimes 
indistinguishable from normal individuals. This would account for the 
number of isolated cases. 

It is difficult to describe the clinical manifestations of epiloia due to 
the extreme variability in the symptomatology the individual patient 
may present. In general, however, the onset of the disease is manifest in 
infancy or early childhood. Mental deficiency is usually marked and 
developmental delay consequently is readily recognizable. Idiocy is a 
common finding. Epileptic seizures begin at an early age, but the type 
oi attack is difficult to predict. One patient died in her first epileptic 
seizure at the age of 21 years. The facial lesions (adenoma sebaceum) 
become apparent within the first decade and abrupt development at the 
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]mrl had no regurgitation of food for six months. His weight was 165 pounds, which 
represented a 50 pound gain since his operation. 

X-ray studies revealed that the proximal loop of the jejunum had dilated to about 
two times normal size and was empt 3 'ing normally. 
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^ers and toes. The size may vary from that of the small filiform- 
tumor to the golf ball-sized tumor which we noted in two of the 
is in our series of eases. In some instances the nail-bed tumors 
se to pain and discomfort and this is particularly true if secondary 
on and hemorrhage occur. Microscopically the tumors are eom- 
of a surface layer of heavily keratinized, stratified squamous epi- 
n. The underlying layer consists of a well-differentiated and some- 
hvalinized fibrous connective tissue in which an occasional 
last can be seen. The nails after a period of time undergo degenera- 
hanges and become grooved. Chronic paronychia are not uncom- 
Surgical removal is indicated if the tumors are giving rise to pain 
iseomfort or if hemorrhage and secondary infection have proved 
esome. In our experience the tumors do not tend to recur following 
ate surgical removal. 



ig. 1 . — Genealogy of the epiloia family. Three generations are shown. The rela- 
xation in the family tree of the individual cases presented in this paper is indi- 


CASE REPORTS 

ix members of one family in whom the diagnosis of epiloia has been 
• Wished have come under our direct observation. Each of the six 
's that we studied exhibited epiloia in more or less complete form, 
t-mortem examination was performed in the seventh ease. An at- 
pt was made to determine the extent of the involvement by this dis- 
in the family through three generations. Data relative to dead or 
ent members of the family were obtained by tbe careful examination 
photographs and by history obtained from Mrs. II., the most intelli- 
it member of tbe family at our disposal. Follow-up studies for a 
iod of over two years have been carried out and observations relative 
the progression of tbe disease are given with each case history. 
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the fingers and toes. The size may vary from that of the small filiform- 
shaped tumor to the golf ball-sized tumor which we noted in two of the 
patients in our series of cases. In some instances the nail-bed tumors 
give rise to pain and discomfort and this is particularly true if secondai j 
infection and hemorrhage occur. Microscopically the tumors are com- 
posed of a surface layer of heavily keratinized, stratified squamous epi- 
thelium. The underlying layer consists of a well-differentiated and some- 
times hyalinized fibrous connective tissue in which an occasional 
fibroblast can be seen. The nails after a period of time undergo degenera- 
tive changes and become grooved. Chronic paronychia are not uncom- 
mon. Surgical removal is indicated if the tumors are giving rise to pain 
and discomfort or if hemorrhage and secondary infection have proved 
troublesome. In our experience the tumors do not tend to recur following 
adequate surgical removal. 
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Pig. 1. — Genealogy of the epiloia family. Three generations are shown. The rela- 
tive position In the family tree of the individual cases presented in this paper is indi- 
cated. 


CASE REPORTS 

>Six members of one family in whom the diagnosis of epiloia has been 
established have come under our direct observation. Each of the six 
cases that we studied exhibited epiloia in more or less complete form. 
Post-mortem examination was performed in the seventh case. An at- 
tempt was made to determine the extent of the involvement by this dis- 
ease in the family through three generations. Data relative to dead or 
absent members of the family were obtained by the careful examination 
of photographs and by history obtained from Mrs. II.. the most intelli- 
gent member of the family at our disposal. Follow-up studies for a 
petiod of o\ei U\o years have boon carried out and observations relative 
to the progression of the disease are given with each ease history. 
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time of puberty is the usual sequence. Death occurs at an early age as 
a 1 ule, but the mortality is in direct- relationship to the extent of the 
mental deficiency, the development of the brain lesions, and the possible 
presence of visceral neoplasms. Incomplete or abortive forms of epiloia 
vith the utmost variation in clinical findings exist and one must keep 
this fact constantly in mind in diagnosis. 


Bourneville' in 1880 first described tuberous sclerosis or the main com- 
ponent of Sherlock’s epiloia syndrome as a purely pathologic entity 
found at autopsy in young patients who had shown mental deficiency and 
epilepsy during life. The term “tuberous” Bourneville used to indicate 
the potato-like ajrpearanee of the sclerotic patches scattered throughout 
the cerebral cortex and ventricles of the brain. He regarded the cu- 
taneous lesions (adenoma sebaceum) and the visceral neoplasms that he 
noted also in such patients as coincidental. The pathologic background 
of the disease has remained uncertain to the present day. Some authors 
favor a neoplastic process, some a vascular process, and still others main- 
tain that it is a developmental anomaly. The brain lesions are found in 
the cortex and immediately beneath the ependyma projecting into the 
lateral ventricles. The tumors are present in multiple areas and the 
potato-like appearance is unmistakable. Microscopically, these tumors 
are composed of a neuroglial proliferation and remarkably large giant 
cells of glial origin (riesenzellen) . Degenerative changes are manifest 
in many portions of the tumors. 

The skin lesions of epiloia, the so-called adenoma sebaceum, were de- 
scribed and named by Pringle 8 in 1S90. Adenoma sebaceum is a nodular 
eruption of red to brown color distributed over the face. The rash origi- 
nates in the nasolabial folds and extends over the cheeks in butterfly 


pattern. Three types of adenoma sebaceum occur. The Pringle type of 
rash is red in color; the Balzer type is composed of pale nodules; and the 
third, the Hallopeau-Leredde type, is characterized by hard and wartlike 
nodules. Microscopically, adenoma sebaceum consists in a benign hyper- 
plasia of the sebaceous glands. The red coloration of the Pringle type 
results from associated telangiectases. The hardness of the Hallopeau- 
Leredde type is due to excessive fibrous tissue proliferation. 


Still other cutaneous lesions have been distinguished by various 
. Critchley aud Ear I s call particular attention to fibromas scat- 
f U dover the trunk. Nevi, pigmentary disorders, vitiligo, hypertrichosis. 
1016 horns, white hair in the eyebrows, and pigmented and hairy 

cutaneous ; some instances. Mail-bed tumors in association with 
moles are epiloia have been reported by Keitmann . 10 llintz," 

the syndron j^jotM James, 1 " and MacKeiuia. 1 ® These latter unusual 
Fuhs, 1 ' Busc , c tuinors -were present in the entire series of cases 

but quite cbaiac ^ worthy of special consideration. They are filiform 
presented ^• er6 ^ 1 as anc i are located at the nail cutaneous juncture on 
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This patient now has been followed over a period of two wears, -so change in 
the mental status has occurred. The nail bed tumors have not recurred. There 
is still no evidence of visceral neoplasm (Figs. 2 and 3). 

Case 2. — L. H. was a white male. 22 years of age. the oldest son of Mrs. M. H. 
(Case 1). According to the history obtained from his mother, he had been sub- 
-jeet to epileptic attacks of grand mal type since 1 year old. This boy showed 
marked mental deterioration. He was an inmate of the State Home for Epileptics 



Fi?. 2. — Case 1, 193S. 'Die facial lesion of epiloia. adenoma sebaceum, is well illus- 

trated. 





Fip. 


xs<* 1. The nail-bed lesion? of the finders and toe? which are present in the 
entire series of cases are best illustrated in this epiloia patient. 


at Gallipoli?. Ohio, ami he was able to perform simple manual tasks. Phvsical 
examination revealed a well -developed adenoma sebaceum of the Pringle tvpe spread 
oxer the face in typical butterfly arrangement. There were numerous moles ftnu 
wartlike growth? distributed over the neck and trunk. The nails of the finger? 
and toes were groove], and there were a small, hard tumor present in the nail bed of 
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The motliei of the patients in Cases 1 and 7 and the grandmother of the 
patients in Cases 2, 3 , 4, 5, and 6 died at tlie age of 33 years with pneu- 
monia. According to her daughter, Mrs. H. (Case 1), she had petit mal 
attacks which began at the age of 18 years and had facial lesions similar 
to her own, as well as nail-bed tumors (Fig. 1). 


Case 1. — Mrs. M. H. (History No. S0902, Cincinnati General Hospital), a white 
female, 43 years of age, came to the Tumor Clinic of the Out-Patient Dispensary 
of the Cincinnati General Hospital in October, 1937, with the complaint of painful 
tumors on the fingers anil toes. She hail noted the presence of a small hard tumor 
under the nail of the third finger of the right hand at the age of 16 years. Similar 
growths had appeared at varying intervals since that time on the other fingers 
and toes. The tumors increased very slowly in size. This was particularly true 
of the growths on the toes, which were irritated by her shoes and which bled 
frequently. Infected ingrown nails likewise occurred at frequent intervals. Also, 
at the age of 1G years, or perhaps a short time later, the patient noted a papular 
eruption about the nose and face, which, while always present, seemed to have 
periods of exacerbation and remission. At the age of 34 years, however, she 
realized that the eruption about the face was definitely more pronounced and more 
extensive. No therapy for this condition was attempted. At the age of 3S years 
the tumors on the toes attained considerable proportions, and she had difficulty 
in wearing shoes and in walking. Hemorrhage from these tumors was severe 
on several occasions, and the patient “pared” the growths and applied iodine 
several times with transient relief of her symptoms. Past history was entirely 
negative. Her health had always been good. There was no history of headaches, 
vertigo, convulsions, or other type of neurological involvement. Her childhood nml 
puberty apparently were uneventful. She had gone through the second year of 
high school and stated that she always got along well in school. She had been 
married twenty-four years and had four - children. Her husband was living and 
well, and there was no apparent familial discord. She had many friends and 
adjusted herself well socially. 


Physical examination was entirely negative except for the face, fingers, and 
toes. Height was G1 inches and weight, 137 pounds. On the face and nose there 
was a well-developed adenoma sebaceum of the Pringle type spread in typical 
butterfly pattern over the nasolabial folds and cheeks with one large discrete 
papillomatous growth at the base of the nose. Discrete, hard, gray to pink colored 
tumor masses were present at the nail cutaneous juncture of all the fingers and 
the toes These tumors varied in size from that of a pea to a size slightly less 
tlrm that of a golf ball. The larger tumors were on the toes and secondary in- 
fection in these neoplasms was tlie evident cause of her symptoms. The nails 
Ives were grooved. Neurological examination and spinal puncture were nega- 
t f- i e raSC Acc 0 rding°to the Stanford-Binet test, this patient had a mental age of 13 
tive ' ninths with a resultant intelligence quotient of S4. She was, therefore, 
I ears • <r of average intelligence. The opinion of the examiner was that she 
close to Cing , ‘; orat 'i OI] j n her mental abilities. Roentgeiiogrnpliie studies of 
evidenced no a ‘ b( i omcn , including pyelograms, failed to reveal tlie presence 

tlie lieau, cnest, 
f n visceral tumor. 

OX qftnr cop nmlrirv infection luitl nl>. 


The tumors "“i ‘ ^ ,,eoplasms revealed a very thirl; keratinized surface 
Microscopic examine m c pithelium overlying a subcutaneous layer of cellular 

layer of stratified squam ^ rera! of the tumors prior to surgery were treated 
fibrous connective tl5SUC ‘ .-determine radiation sensitivity. No response to this 
with radium and x-raj 
treatment was obtained. 


. . „ mrc excised after secondary infection hail cleared up. 

on tue l e. 
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idiot and had had epileptic seizures of grand mal type since the age of 5 months. 
She also was an inmate of the State Home for Epileptics at Gallipolis, Ohio. She 
was totally unable to care for herself and was animal-like in appearance. She 
mumbled constantly to herself in an indistinguishable tone of voice as she rocked 
herself back and forth with accompanying athetoid movements of the forearms 
and hands. Adenoma sebaceum was present but poorly developed. The nails were 
grooved with a minute nail-bed tumor on the fifth finger of the right hand. There 
were numerous keloid scars scattered over the body. Xeurological examination 
when first made in 1937 was completely negative except for the athetoid move- 
ments. Re-examination in January, 1940, revealed several findings: slight weakness 
of the right side of the face, deep reflexes on the right more active than on the 
left, and the right side more spastic generally than the left. She constantly tended 
to assume a scissors position of the legs. In 1931 following study at the Cincin- 
nati General Hospital and the Jewish Hospital of Cincinnati, an exploratory 
craniotomy was performed. Diffuse sclerotic patches were found scattered over the 
cortex. The diagnosis of an inoperable brain tumor, probably a glioma, was made. 
X-ray studies are not obtainable. 

Case 5. — J. H. (History Xo. 52153, Cincinnati General Hospital), was a white 
female, 14 years of age, the fourth child of Mrs. M. H. (Case 1). She was of 
average intelligence and had reached the first year of high school. Adenoma 
sebaceum was detectable on the face. There were small cutaneous nevi on the 
abdomen and extremities. Xail-bed tumors were present on the fifth finger of the 
right hand and the fourth toe of the left foot. Xeurological examination was 
negative. There was no history of epilepsy. X-ray studies were entirely negative. 

Case 0. — L. IV. was the third child of the sister of Mrs. M. H. (Case 1) and 
the first cousin of the patients in Cases 2, 3, 4, and 5. He was subject to epileptic 
seizures of grand mal type from infancy. He died in 1930 at the age of 5 years. 
At the time of death he was under the care of a private physician who made 
the diagnosis of a brain tumor. Xo further record was available. An autopsy 
was performed, and the diagnosis of a brain tumor of a glial type was made. The 
post-mortem examination was limited to the head. Fortunately the brain was saved. 
In a pathologic report dated June 14, 1930, Dr. Pearl Zeek, of the Pathologic 
Department of the Cincinnati General Hospital, made the following observations: 
‘ ‘ The specimen consists of a brain removed from a child about 5 years old. The 
brain tissue is extremely soft and cannot be completely examined until further 
fixation has taken place. However, there is marked asymmetry of the two cerebral 
hemispheres and on a partial horizontal incision beginning at the frontal pole 
a large soft mass resembling neoplastic tissue rolled out of the lateral ventricle. 
This tissue shows yellowish pigmentation in places and is extensively necrotic and 
blood stained. There is no evidence of meningitis. Diagnosis: Brain tumor, possibly 
a glioma.” Microscopic study was not done at the time. 

This brain, which had been preserved in Kaiserling’s solution, was re-examined 
by Dr. Charles Aring, of the Xeuropathology Department, University of Cincinnati, 
who in 1938 made the following report: ‘‘The entire brain is of soft consistency 
and one cannot make an accurate description of the cortex as the sulci have been 
flattened and softened, due to many years of storage. Through and through sec- 
tions have been made of the cerebral hemispheres. The lateral ventricles are tre- 
mendously dilated and filled with tumor masses of cheesy consistency. These masses 
are now 2 to S cm. in length and 1 to 5 cm. in breadth and width. Microscopic 
examination shows these tumors to be composed of cells of large size and rather 
uniform outline. Blood vessels are numerous. The stroma of the tumor is marked 
and is probably made up of the processes of the cells. The cells vary in size and 
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the third finger of the left hand and numerous tumors of the nail beds on all the 
toes. These latter neoplasms were quite small in size and never had occasioned 
the patient any difficulty by their presence. 

Neurological examination when first made in 1937 gave no positive findings 
with the exception of a marked taclie cerebrale and a nonsustained fibrillary 
nystagmus on lateral fixation. Within the previous two years he had developed 
a left facial hemiatrophy and ptosis of the lower left eyelid. The significance 
of these neurological findings was not determinable. He had a mental age of 
7.6 years with an intelligence quotient of 49. His epileptic attacks occurred for 
the most part during the night. There has been little or no progression in the 
size of the nail bed tumors within the two-year period that he has been under our 
observation (Fig. 4). 

Case 3. — R. H. (History No. S3453, Cincinnati General Hospital), was a white 
male, 21 years of age, the second son chronologically of Mrs. M. H. (Case 1). 
The past history was entirely negative except that apparently he was subject to 
some type of epileptic seizures during infancy. He attended a school for the 
mentally retarded, and at the age of 1G years dropped out, having reached the 



pig 4 Case 2. The nail-bed tumors of this epiloia patient are well developed. 

fifth grade. According to the Stanford-Binet test in 1937, he Imd a mental age 
of S years 10 months, with a resultant intelligence quotient of 55. Ho was, there- 
fore definitely mentally retarded. He was tested at the Vocntion Bureau on Jan. 
G 1920 when he was 7 years old. Ilis mental age then was 4 years 10 months, 
• ’ d his' intelligence quotient was 09. He was tested again at the Vocation Bureau 
‘ ln „ ( 1933, when he was 14 years S months old. At that time he had a 

011 1 age "of 8 years 10 months with intelligence quotient of 00. 

mC ph ical examination revealed a stupid appearing individual of 21 years. A 
1 . lnnpd adenoma sebaceum of the Pringle type was present on the face, 
well-de'e P growths were noted on the neck and shoulders. Cafe an 

Multiple pap 1 t on the face, thorax, and abdomen. Nail-bed tumors of 
lait patches " 1 ^ Qn .,q tUe toc3 and the third and fifth finger* of 1 he right 

small size were I> r ^ al exaraina ti 0 ns of this patient were negative. The 

hand. Repeatec exc tsed surgically and no recurrence was detectable. Micro- 
nail bed tumors wcrc ^ ^ thc panie structure as those removed from the patient 
scopically these 0 f this patient were entirely negative, 

in Case 1- ‘ - 0 - !0 Cincinnati General Hospital), was a white 

CASE 4.-V. H. ( Hl5 ‘° r - hc * t] ' lir(1 c liild of Mrs. M. 11. (Case 1). She was an 
female, 10 years of age, 
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there are veritable nests of giant cells. There are patchy areas of tlemyelinization 
in the vicinity of the nests of cells in the white matter of the cerebral cortex. In 
some places this demvelinization is present in an entire gyrus. . . . Diagnosis: 
Tuberous sclerosis.” (Digs. 5 and 6.) 

Case 7. — Mrs. tV. was a 47-year-old white female, the mother of L. W. (Case 6) 
and the sister of Mrs. M. H. (Case 1). She was unwilling to submit to examination, 
photography, or other type of special workup. She was subject to petit mal 
seizures which she referred to as "trembling spells.” A well-developed adenoma 
sebaceum of the Pringle type was present on the face and nose. Jfail-bed tumors 
which varied from filiform papilloma to golf ball-sized neoplasms were present on 
the fingers and toes. Secondary infection had occurred in several of the tumors 
of the toes. Hemorrhage from the tumors had occurred on numerous occasions. 
The nails themselves were grooved, and chronic paronycliias were distinguishable. 

COMMENT 

Although the mother of Cases 1 aud 7 (the grandmother of Cases 2 to 
6) mas not examined clinically, the history of epileptic seizures, adenoma 
sebaceum, and nail-bed tumors in this woman make the diagnosis of 
epiloia in her case a valid presumption. If this is granted, the foregoing 
study reveals the direct passage of the disease through three generations. 

The study discloses that, if the epiloia patient lives through puberty 
and is capable of mating, transmission of the disease is possible. Un- 
doubtedly the reason for so few examples of this type of transmission in 
the literature lies in the fact that the average patient with epiloia is so 
mentally and physically incapacitated at puberty that marriage and 
mating cannot occur. 

Study of the family tree discloses that one daughter (Case 1) of the 
original epiloia patient transmitted the disease in all its intensity to all 
four of her children who lived to puberty; whereas, the other daughter 
(Case 7), who shows signs of the disease, apparently did not pass it on to 
her two older children. This reveals the undoubtedly complex nature of 
the transmission. In the instance of the other two children of the 
original epiloia patient who had issue, there is no evidence of the dis- 
ease. It is not found in their children as well. This suggests that the 
disease is not a recessive characteristic but rather a dominant character- 
istic which tends to be incomplete, as Cockayne 6 contends. 

The nail-bed tumors, an uncommon accompaniment of the epiloia syn- 
drome, are worthy of notice because of their consistent presence through- 
out the entire series of cases. The presumption here is that epiloia is 
transmitted even in its minute details. 

Last, the direct transmission of the disease from parent to offspring 
through three generations, as presented by this study as well as that of 
Kirpiznik,- proves that the syndrome is truly hereditarv, i.e.. geno- 
typical. as suggested by Fabing- in his study of the disease in identical 
twins. 
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some of them reach enormous proportions. The nuclei stain deeply, are irregularly 
shaped, and are placed at the periphery of the cell. Many of the cells are mul- 
tinucleated. No mitoses are seen. 



Fig. 5. — Case 6. Hemisection of the brain illustrating the tuberous masses tilling the 
ventricles as described by Bourneville. 



High-power view of section through brain tumor. Tiie giant cells. 
Fig. 6. — Case 0. c j iarac ( e ristie of tuberous sclerosis, are well Illustrated. 


“Study of sections 
tectonic disorganization 
previously are scattered 


taken from the cerebral cortex shows complete cytonrchi- 
Large cells which appear similar to those described 
through the widened cortical layers. In some locations 
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there are veritable nests of giant cells. There are patchy areas of derayelinization 
in the vicinity of the nests of cells in the white matter of the cerebral cortex. In 
Eome places this demvelinization is present in an entire gyrus. . . . Diagnosis: 
Tuberous sclerosis.” (Digs, a and. 6.) 

Case 7. — Mrs. W. was a 47-year-old white female, the mother of L. IV. (Case 0) 
and the sister of Mrs. M. H. (Case 1). She was unwilling to submit to examination, 
photographv, or other type of special workup. She was subject to petit mal 
seizures which she referred to as ‘ 1 trembling spells. 55 A well-developed adenoma 
sebaceum of the Pringle type was present on the face and nose. Kail-bed tumors 
which varied from filiform papilloma to golf ball-sized neoplasms were present on 
the fingers and toes. Secondary infection had occurred in several of the tumors 
of the toes. Hemorrhage from the tumors had occurred on numerous occasions. 
The nails themselves were grooved, and chronic paronychias were distinguishable. 

COAIMEXT 

Although the mother of Cases 1 and 7 (the grandmother of Cases 2 to 
6) was not examined clinically, the history of epileptic seizures, adenoma 
sebaceum, and nail-bed tumors in this woman make the diagnosis of 
epiloia in her case a valid presumption. If this is granted, the foregoing 
study reveals the direct passage of the disease through three generations. 

The study discloses that, if the epiloia patient lives through puberty 
and is capable of mating, transmission of the disease is possible. Un- 
doubtedly the reason for so few examples of this type of transmission in 
the literature lies in the fact that the average patient with epiloia is so 
mentally and physically incapacitated at puberty that marriage and 
mating cannot occur. 

Study of the family tree discloses that one daughter (Case 1) of the 
original epiloia patient transmitted the disease in all its intensity to all 
four of her children who lived to puberty ; whereas, the other daughter 
(Case 7), who shows signs of the disease, apparently did not pass it on to 
her two older children. This reveals the undoubtedly complex nature of 
the transmission. In the instance of the other two children of the 
original epiloia patient who had issue, there is no evidence of the dis- 
ease. It is not found in their children as well. This suggests that the 
disease is not a recessive characteristic but rather a dominant character- 
istic which tends to be incomplete, as Cockayne 6 contends. 

The nail-bed tumors, an uncommon accompaniment of the epiloia syn- 
drome, are worthy of notice because of their consistent presence through- 
out the entire series of cases. The presumption here is that epiloia is 
transmitted even in its minute details. 

Last, the direct transmission of the disease from parent to offspring 
through three generations, as presented by this study as well as that of 
Kirpiznik, 3 proves that the syndrome is truly hereditary, i.e., geno- 
typical, as suggested by Fabing= in his study of the disease in identical 
twins. 
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SUMMARY 

1. The syndrome of epiloia is described. 

2. A family tree is outlined in which the disease seemed to appear i 
three generations. 

3. Seven ease histories are outlined. 

4. The presence of nail-bed tumors, an unusual accompaniment of th 
syndrome, is noted throughout the group. 

5. The contention is advanced that, if the patient with epiloia live 
beyond puberty with reasonably good mental and physical health, he oi 
she may transmit the disease to the next generation. 

6. The study is offered as proof of the truly hereditary or geuotypica 
transmission of the disease. 
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A SYSTEM OF SURGICAL FOLLOW-UP AND 
RECORD KEEPING 

Clarence E. Gardner, Jr., M.D., Durham, N. C. 

(From the Deportment of Surgery, Duke University School of Medicine) 

T O LOCATE, assemble, and peruse a large number of hospital records 
is such a laborious duty that few have the time or patience neces- 
sary for such a task. As a result, every hospital record room contains 
a wealth of clinical data which lie hopelessly buried beneath the tech- 
nical difficulties of bringing them to light. In oi'der to facilitate the 
collection of clinical data from the records of hospital admissions and 
return visits and, at the same time, to furnish a system of follow-up 
on all hospital cases, a procedure has been established on the Surgical 
Service of the Duke Hospital which has proved itself to be quite satis- 
factory. 

The system of follow-up and record keeping is set up about one file 
which contains a follow-up sheet (Fig. 1) for each patient operated 
upon. On this sheet is recorded a brief abstract of all the pertinent find- 
ings in the hospital course. On this sheet also is subsequently recorded 
an abstract of each follow-up visit. These sheets filed chronologically 
according to operation bring together in one folder all the hospital and 
follow-up data on each group of operative cases. With them the depart- 
ment is able to summon each group of eases systematically for follow- 
up. In addition, the department is able to give statistical information 
easily and quickly at any time concerning the hospital record, the im- 
mediate hospital mortality, and the follow-up results in each group of 
cases operated upon. 

The follow-up clinic is staffed by one full-time secretary. Clinic data 
are accumulated in one file, containing a follow-up sheet for each patient 
operated upon, and one book in which are compiled by year and by 
total hospital experience the immediate hospital mortality and the fol- 
low-up results on each group of cases. 

The follow-up sheet, which is filled out for each patient, is an eight 
and one-half by eleven inch sheet of heavy twenty-eight pound ledger 
paper on which a basic form for the follow-up clinic is printed, as in Fig. 
1. In the space for clinical abstract a brief account of the history, 
physical examination, laboratory findings, operative findings, and post- 
operative course is recorded. In certain of the more frequent conditions 
which are of especial interest a special form is printed in the space for 
clinical abstract (Fig. 2). Such forms are used for diseases of the 
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appendix, biliary tract, breast, thyroid, stomach, and colon and for 
thoracoplasties. These forms are checked at history meetings, and, being 
filled out in full, they insure complete recording of all pertinent data. 

The follow-up sheet is filled in by the clinical clerk or by the intern 
on the ward. When the patient is discharged from the hospital, his 
record passes over the resident surgeon ’s desk. Here the hospital record 
is diagnosed and the follow-up sheet is checked to see that it is complete 
and then is removed from the record. The follow-up sheet is then coded 
according to operation and sent to the follow-up clinic for filing, which 
is done according to a classification of the operations done by the 
general surgical staff. 




. . i . In th** clinical 
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When each patient returns for check-up examination, and on every 
subsequent follow-up visit, notes on his condition are transcribed onto 
the follow-up sheet. Information on the follow-up sheet is thus kept 
constantly up to date. These data are transferred to the follow-up sheet 
by the department secretary who inspects the unit history of every 
patient making a return visit to the hospital each day. She keeps out 
those cases treated on the surgical service and abstracts the note made 
in the clinic on the follow-up sheet. 

When the follow-up department was first organized in 1937, it did 
not contain the operations of the preceding seven years dating back to 
the opening of the hospital in July, 1930. A sheet for each of these 

r-- . \ • . •:* SURGICAL FOLLOW UP CLINIC j 

Xi-» fwnr - — — - - - - - - * 
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CALL BLADDER AID DUCTS 


z 


Eistory; No. preer.ar.cies Duration of synptcss Flatulency j 

Indigestion Foods which disagree j 

Character and location of pain *■ 

Biliary colic Frequency of colic Lest ettack colic . 

Kken jaundiced in past Duration if jaundiced row 

Chills in past Date lest chill Acute cholecystitis in past } 

Operations* on biliary tract Nausea severe \ 

Phys. on admission: 7 ? R 7BC B? Ht Rt j 

Jaundice Van den Bergh Bile in stool in urine l 

Aid. signs J 

I- ray findings 1 

Preop. Ola*. Days in hosp. before op. I 


Operation: Incision GB culture 

Condition of G3: (circle) Norsal; stones; thickened; contracted; distended; 
gangrenous; cfircir.one; otter condition 

Condition of cystic duct: iromal; dilated; occluded b 7 stone 
Condition of corraon duet: Dilated; stone; r.ud; stricture; ceoplast 
Has co=r--or. duct expored Finding 

Pancreas indurated Other op, procedures 

Postoperative course: Biliar" drainare Biliary colic 

Highest p. o. ter.?. Days until te-p. norral P. 0, jaundice 

If cordon duct was drained no. days until tube removed 

Days until bile drainage stosred Deys until jaurdice disappeared 

Days ir. hosnitel after operation 

If dead cause of death 





I 
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operations was prepared, however, from the data available in the files 
of the operating room. Information available from this source was suf- 
ficient only to fill in the data along the vertical column on the right side 
of each follow-up sheet (Fig. 1). To complete the sheet, it was necessary 
to obtain the unit history of each ease and record the pertinent data. 
This work has been, done by a group of students employed under the 
NYA. In some groups of cases no effort has been made to fill out the 
clinical abstract. In those of interest for follow-up purposes, however, 
the entire follow-up sheet has been completed for all the early cases. 


METHOD OP FOLLOW-UP 


A specific month each year is set aside in which to follow each group of 
cases. Thus, stomach operations are followed in October, colon cases 
in November, thyroid cases in December, gall bladder cases in January, 
appendix cases in February, hernia cases in March, rectal cases in April, 
chest cases in Mtpy, breast eases in June, and miscellaneous conditions 
in July, August, and September. All cases with malignant tumors, 
peptic ulcers, or pulmonary tuberculosis are followed yearly. Remaining 
cases with a few exceptions are followed yearly for three years and then 
every five years. 

A form letter is prepared for each group of cases followed. The fol- 
lowing is a form letter used in follow-up of gall bladder operations. 
Similar forms are prepared for each operative procedure. 


We are very much interested in knowing- how you have been getting along since 
your gall bladder operation at the Duke Hospital, and should appreciate it very 
much if you would answer the questions below. The answers may be written in the 
space following each question and the letter returned to us in the enclosed envelope, 
which requires no stamp. 


1. Do you believe yourself to be cured, improved or unimproved by 
the operation? 

2. Have you had any gall bladder colic since operation? If so, 
when and how often? 

3 Have you been jaundiced since the operation? If so, when and 


how often? 

4 Do vou have any indigestion? Describe it. 

Are* vou less constipated, more constipated, or lias there been no 
change in bowel movements since operation? 

‘ 6 H _ vou have moved, what is your new address? 


that vonr symptoms have not been relieved, we would like to have 
y0U T tip Clinic for re-examination. The enclosed card, presented at the 
aturn to ' a f te rnoon, except Saturday and Sunday, at 1 :00 i-.M.. will 

entrance . . ' ... . pharire. if vou come before the date stamped on 

. you to examination without enarge, . 

° ° Qlrt/Vprplv vniir*!. 


Surgical Follow Up Clinic. 
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This form letter is mailed to each patient in the group, being sent 
by first class mail. If the letter is not answered and is not returned, it 
is assumed that it has been received but ignored and a second similar 
letter is sent ten days later. If the second letter is ignored, a third 
is sent ten days after the second. If no answer is received from these 
letters or if the first letter has been returned marked unknown, moved, 
etc., letters are written to relatives, the family doctor, or the local u el- 
fare agency in an effort, to locate the patient. Each letter contains 
a business reply envelop which requires no stamp which the patient is 
asked to use in returning answers to the questionnaire. Each letter 
also contains a card admitting the patient to the clinic w ithout charge 
for check-up examination, if the visit is made in the month specified for 
the follow-up. 

It has been our experience that 45 per cent of patients will respond 
to the first letter, another 23 per cent to the second, and 14 per cent to 
the third. Letters to the family doctors, relatives or welfare agencies are 
successful in locating another 10 per cent. In about i per cent of our 
cases no follow-up has been possible and we have had to record such 
patients as lost- 

The problem involved in follow-up at the Duke Hospital is complicated 
by the fact that the hospital serves a rural community whose average 
patient comes a distance of seventy-seven miles. Only 22 per cent of 
patients come from Durham. Of the patients admitted, S6.8 per cent 
are charity or part pay patients and 16 per cent are negroes who shift 
their residence frequently. For economic reasons, it is frequently diffi- 
cult for our patients to present themselves at the clinic for re-examina- 
tion. If such is the case in patients whose symptoms continue, the 
patient’s local doctor is asked to submit data concerning him. 

Under this system, we have been able to obtain a satisfactory follow- 
up in 92.5 per cent of our large operative cases (Table I) operated upon 
from the time the hospital opened in 1930 until the present. A follow- 
up is much more successful if patients are followed promptly and 
regularly. As shown in Table II, we have been unsuccessful in tracing 
IS per cent of our patients operated upon the first year the hospital was 
open, no effort being made to locate these patients until eight years had 


Table 1 

Number or Patients Followed 


OPERATION 

NO. PATIENTS 
DISCHARGED 

NO. PATIENTS 

FOLLOWED 

PERCENTAGE 

FOLLOWED 

Stomach operations 

fiisacEi!— 

194 

92.8 

Colon operations 


94 

91.2 

Radical mastectomy 


163 

94.2 

Thyroid operations 


367 

92.6 

Gall bladder operations 

mMmk 

371 

91.3 

Total 

1,286 

1,189 

92.5 
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Table II 


Percentage of Patients Lost to Follow-Up in 3940 
Tabulated bv Year of Operation 


YEAR 

percentage of patients lost 

TO FOLLOW-UP 

1930-31 

IS 0 

1931-32 

13.0 

1932-33 

16.3 

1933-34 

10.1 

1934-35 

10.0 

1935-36 

5.4 

1936-37 

7.6 

1937-3S 

3.2 

193S-39 

0.5 


elapsed following their discharge from the hospital. On the other hand, 
in the group operated upon in the past three years since the follow-up 
clinic has been in existence only 3.7 per cent of a total of 60S patients 
have been lost. 

Tabulation of immediate hospital mortalities is compiled yearly and 
for the total hospital experience for each group of cases. These data 
are filled in on a special form and bound in a loose-leaf book. In the 
same book are also tabulated each year the follow-up results on each 
group of cases. 

Annual reports are funiished the head of the surgical department 
giving the hospital mortality for the year and for the total hospital 
experience and the follow-up results on each group of cases operated 
upon on the general surgical service. These results are discussed in staff 
conference. Data from the abstracts of hospital records and follow-up 
visits is always immediately accessible to any member of the staff. 
Special studies from groups of cases of their choosing are done by 
house officers and discussed at staff meeting frequently during the course 
of the year. 

SUMMARY AX'D CONCLUSIONS 


1. Clinical material in the records of hospital cases must be made 
easily available if it is to be utilized. 

9 ^ systematic and sustained effort to follow end results in old 
patients is necessary if need for change is to be recognized and progress 
in surgery is to be made. 

3 A method of surgical follow-up and record keeping is presented 


[ch : 

Gives a satisfactory follow-up in 92.5 per cent of large operative 
s over a nine-year period. 

-ir kes information from the hospital record and follow-. 

AUt - 4:,™ flnenc p/isrlv smd irnnu 


~ _ r , information from tne nospuni rccom aim innow-iip visits of 

• L " operative **> *"«•*<* 

‘'ft "ties members of the of smwrr ... n 

imauiU’ results m all opera I 


Ymbles members ot me 1,1 '' ons,; '"' 

• , • Unto and late results in all operative cases. 
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SUCCESSFUL LIGATION OF A PATENT DUCTUS ARTERIOSUS 
C. J. Miaxgolarra, M.D., and Edgar Hull, M.D., New Orleans, La. 

(From the Department of Surgery and the Department of Medicine, Louisiana State 
University School of Medicine , and the Charity Hospital of Louisiana) 

A REVIEW of the literature prior to 1939 on persistent patent duc- 
tus arteriosus shows that a thorough study of the anomaly has 
heen made with regard to frequency, probable origin, clinical symptoms 
and signs, course, and complications, but that there is an almost com- 
plete lack of suggestions for treatment. 

Munro 1 (1907) and, later, Graybiel, Strieder, and Boyer 2 (1938) rec- 
ognized the possibility of surgical correction of this condition. The 
latter group should he given credit for their attempt at ligation al- 
though it was unsuccessful; it should also he noted that their patient 
had a complicating bacterial endarteritis. In 1938 Gross and Hub- 
bard 3, 4 devised and executed a transpleural operation, which, so far, 
seems adequate in uncomplicated cases. These authors have reported 
four ligations without a death. Recently (1940) Jones, Dolley, and 
Bullock 5 have contributed an interesting report of seven ligations, all 
successfully accomplished by the technique described by Gross. Al- 
though one of these patients died later, the death could not be attrib- 
uted to the surgical procedure. 

We report here another successful ligation of a patent ductus arterio- 
sus by the transpleural technique of Gross, feeling that all such opera- 
tions should be recorded so that the proper evaluation may be placed 
upon the results of this procedure. 

Case Repost. — Hiss C. B., a -white female, aged 20 years, was admitted to the 
Charity Hospital on July 20, 1939, for correction of a disabling contracture of the 
left foot. Tlie corrective operation was performed on Aug. 4, 1939, and recovery 
was uneventful. 

During the routine examination of the patient, the intern, Dr. I. Redler, detected 
the physical signs of a patent ductus arteriosus and correctly diagnosed the presence 
of this anomaly, which had also been recognized by Dr. Bichard Ashman in 1933 
when he examined the patient at the Heart Station of the Charity Hospital. 

The patient gave a history of heart trouble since infancy. As a baby she had 
convulsions which were associated with cyanosis of the lips and face. She had 
matured slowly and was moderately deaf. She experienced dyspnea and palpitation 
on slight exertion, but these symptoms had not prevented her from carrying on the 
usual activities of childhood. 

On physical examination the patient was noted to be small in stature and sub- 
normal in development. Physically and mentally she seemed like a 12-vear-old child. 
Slip pres ented the physical signs of a widely patent ductus arteriosus without com- 
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plicating lesions: collapsing pulse of large volume; blood pressure, 130/65; throb- 
bing carotids; and continuous thrill and murmur with systolic accentuation. Both 
thrill and murmur were widely distributed but were most intense in the second 
left intercostal space near the border of the sternum. The apex beat was diffuse 
and forcible but was displaced only slightly to the left. There was neither cyanosis 
nor clubbing of the lingers. 

X-ray films of the chest revealed moderate enlargement of the heart, marked 
prominence of the pulmonary conus, and a small aortic knob. 

An electrocardiogram (Pig. 1), unchanged from one taken in 1933, showed a 
deep notcli on the downstroke of R-l, a definite Q-wave in Leads II and III, and 
prolongation of the BST interval. The electrocardiogram was not considered defi- 
nitely abnormal. It was suggested that the unusual form of the QRS might be due 
to some associated anomaly, sucli as a defect of the interventricular septum. The 
blood count and urinalysis were normal. 

Operation was decided upon for the following reasons: (1) Obviously the ductus 
arteriosus was widely patent. (2) It was fairly certain that no other serious 
anomalies, for which the patency of the ductus might be compensatory, were present. ' 
(3) Cardiac enlargement, indicating overwork of the heart and possible future car- 
diac failure, was present. (4) The patient seemed to be a good surgical risk. 



1 Electrocardiogram taken one week before operation (patient C. IJ. .sitting). 

. . nnomiiothorax was induced to prevent tl.e consequences of sudden col- 
Aft /It 1 ft bmg It operation. On Sept. 26. 27. 2S, and 36 from 366 to -.66 
lapse ot tut ■ nn(1 {lie reading obtained was + 1.3 on expiration, 

c.c. of air " CrC a on 0( .f. 2, 1636, under cyclopropane nnesthesin. An 

Operation was P ^ thin] interspace, the third costa! cartilage was divided, 

incision was mat e »n ^ UJrtvnr ,i. After owning and reflecting the media* 

and the third rib M-* ' ^ v ’ Iirtcr j. w »s found to be dilated and the ivnlJs appeared 
final pleura, the I>u cont inuoiis thrill was palpable as the pulmonary artery 

to be thickened. A ^ . (or(i( . ;ir( .j r . The dm-tus wn« he ated ?,y apj.lying 

u - a c dissected away from - t ,, c !irc l, h nd the pulmonary artery until 

digits F rciSUIC ut var,uus 
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** 5 ' , ma ? Ie Immediately alter operation. Shift of electrical axis 

to right, probably due to change in position of heart (patient C. B. recumbent). 
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planting lesions: collapsing pulse of large volume; blood pressure, 130/(55; throb- 
bing carotids; and continuous thrill and murmur with systolic accentuation. Both 
llirill and murmur were widely distributed but were most intense in the second 
loft intercostal space near the border of the sternum. The apex beat was diffuse 
and forcible but was displaced only slightly to the left. There was neither cyanosis 
nor clubbing of the fingers. 

X-ray films of the chest revealed moderate enlargement of the heart, marked 
prominence of the pulmonary conus, and a small aortic knob. 

An electrocardiogram (Fig. 1), unchanged from one taken in 1933, showed a 
deep notch on the downstroke of B-l, a definite Q-wave in Leads II and III, and 
prolongation of the liST interval. The electrocardiogram was not considered defi- 
nitely abnormal. It was suggested that the unusual form of the QRS might be duo 
to some associated anomaly, such as a defect of the interventricular septum. The 
blood count and urinalysis were normal. 

Operation was decided upon for the following reasons: (I) Obviously the ductus 
arteriosus was widely patent. (2) It was fairly certain that no other serious 
anomalies, for which the patency of the ductus might be compensatory, were present. ' 
(3) Cardiac enlargement, indicating overwork of the heart and possible future car- 
diac failure, was present. (I) The patient seemed to be a good surgical risk. 



J .Electrocardiogram taken one week before operation (patient C. B. sitting). 

„ . , „,n thorax was induced to prevent the consequences of sudden col- 

" ^ o, Sep., 20, 2,. 28. „„,I 20 ft- 200 .00 

lapse ot til highest reading obtained was + 1.5 on expiration. 

£ uir 1 VPF 8 ffiven till ci o 

C.C. Ot air & formed on Oct. 2, 1939, under cyclopropane anesthesia. An 
Operation was per o ^ interspace , the third costal cartilage was divided, 

incision was made m ^ upu .. in l. After opening and reflecting the medias- 

and the third rib was , . arter y was found to be dilated and the walls appeared 
tinal pleura, the P“ ln ' 0T ' a ^ t “ ontinuous thrill was palpable as the pulmonary artery 
t0 T,e thickened. A ms aortic avc u. The ductus was located by applying 

was dissected away from ' ^ ljct ween the arch and the pulmonary artery until 

digital pressure at various 
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During convalescence the blood pressure remained fairly constant, from 120/SO 
to 126/S6, the systolic pressure being lower and the diastolic pressure higher than 
the preoperative levels. The pulse had lost its Corrigan-like character. The thrill 
and continuous murmur were no longer present but were replaced by a systolic 
murmur of moderate intensity heard only in the second left interspace. 

The sutures were removed on the eighth postoperative day and the patient was 
allowed to get out of bed. 

An x-ray picture taken Oct. 15, thirteen days after operation, showed no change 
in the cardiac silhouette, the left lung being almost completely re-expanded at that 
time. 

An electrocardiogram made Oct. 17 (Fig. 3) was essentially the same as the 
tracing made pre operatively. 

The patient was discharged from the hospital on Oct. 20, 1939. Since then she 
has been examined several times, the last time having been on Xov. 14, 1940 (Fig. 4). 

On each occasion the physical findings have been essentially the same as those 
present when she left the hospital. The x-ray picture is unchanged. There is a 
persistent systolic murmur, which we attribute to dilatation of the pulmonary 
artery. The patient has returned to her part-time position in an XT A sewing 
project and reports that, so far as she can tell, she is no better and no worse than 
before the operation. She feeis well but is still made dyspneic by moderate exertion. 

SUMMARY 

Tlie successful ligation, according to the technique described by Gross 
and Hubbard, of a patent ductus arteriosus in a 20-year-old white fe- 
male is reported. 

Seven months after the operation the patient’s status is approxi- 
mately the same except that there is no evidence of patency of the 
ductus. The patient may be spared the later development of heart fail- 
ure, vegetative endarteritis, or other complications of this anomaly. 

Supplementary Note . — Since the foregoing report was submitted for 
publication, the authors have had occasion to treat a second patient; 
unfortunately, fatal hemorrhage occurred in this instance. We report 
the case briefly because of the technical difficulty encountered after the 
major part of the operation had been completed. 

X. if., a colored male, aged 12 years, was admitted to Charity Hospital on 
Feb. 27, 1940, with unmistakable clinical, x-ray, and electrocardiographic signs of 
persistent patent ductus arteriosus. 

Operation was performed on July 19, 1940. A ductus about 1 cm. in diameter 
and approximately 1 cm. long was easily located. Obliteration of the ductus by 
digital pressure caused the diastolic pressure to rise from 50 to 84 mm., and also 
caused an immediate cessation of the thrill. All important anatomical structures 
were carefully identified and isolated with no particular difficulty. The left wall and 
the anterior and posterior walls of the ductus were cleared quickly, but in separat- 
ing the right wall from the bronchus, dense connective tissue was found. The 
ductus was grasped with plain forceps and gentle traction was exerted, care being 
maintained not to injure the pulmonary- artery. A right-angled cystic duet clamp 
was being used to separate the wall of the ductus from the bronchus when a stream 
of arterial blood was noticed. In the belief that the ductus itself had been in- 
jured, clamps were placed at the aortic and pulmonic ends. There was a gush of 

“ not be checkea except by ciampiD& the a ° rta 
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the tin-ill disappeared. At tlic same instant the murmur also disappeared and the 
diastolic pressure rose from 00 to 80 mm. On releasing the digital pressure, all 
abnormal signs returned. The ductus was then carefully dissected and was found 
to bo about 12 mm. in length and S nun. in diameter. It was ligated at both 
ends with No. S braided silk. The pleura was closed with interrupted silk sutures 
and the chest wall was closed in layers with interrupted chromic No. 2 sutures. 
Linen was used for the skin. The left arm was strapped to the chest. 

An electrocardiographic tracing made immediately after operation (Fig. 2) 
showed Ti-1 and T-l lower than in the previous electrocardiogram, probably due to 
the difference in position of the heart. Depression of JtST segments in Lends II 
and III was attributed to the presence of an auricular T-wuve. 



The patient was 


returned to her bed in excellent condition 


Carbon dioxide 


inhalations were 


Ufa lOVur—v- 

nrlni'mistercd every three hours, first as a routine measure, ami 
T 11S seemed to benefit the patient, 

later becau ^ ^ first postoperative day a pericardial friction rub was 

On the afternoon Qf the stcrnunl but had disappeared by tiie afternoon 

audible along the w _ probably due to a small amount of bleeding into 

of the next day. Tius ru 

the mediastinum. temperature to 102° on the second postoperative day 

There was an elevation i (lays thereafter ranging between 00 and 100°. 

and a daily afternoon * indicated. 

No special postoperatwe care 
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During convalescence tlie blood pressure remained fairly constant, from 120/S0 
to 126/SG. tlie systolic pressure being lower and tlie diastolic pressure higher than 
the preoperative levels. The pulse had lost its Corrigan-like character. The thrill 
and continuous murmur were no longer present but were replaced by a systolic 
murmur of moderate intensity heard only in the second left interspace. 

The sutures were removed on the eighth postoperative day and the patient was 
allowed to get out of bed. 

An x-ray picture taken Oct. 15, thirteen days after operation, showed no change 
in the cardiac silhouette, the left lung being almost completely re-expanded at that 
time. 

An electrocardiogram made Oct. 17 (Dig. 3) was essentially the same as the 
tracing made preoperatively. 

The patient was discharged from the hospital on Oct. 20. 1939. Since then she 
has been examined several times, the last time having been on Nov. 14, 1940 (Dig. 4). 

On each occasion the physical findings have been essentially the same as those 
present when she left the hospital. The x-ray picture is unchanged. There is a 
persistent systolic murmur, which we attribute to dilatation of the pulmonary 
artery. The patient has returned to her part-time position in an NTA sewing 
project and reports that, so far as she can tell, she is no better and no worse than 
before the operation. She feels well but is still made dyspneic by moderate exertion. 


SUMMARY 


The successful ligation, according to the technique described by Gross 
and Hubbard, of a patent ductus arteriosus in a 20-year-old white fe- 
male is reported. 

Seven months after the operation the patient ; s status is approxi- 
mately the same except that there is no evidence of patency of the 
ductus. The patient may be spared the later development of heart fail- 
ure, vegetative endarteritis, or other complications of this anomaly. 

Supplementary Note . — Since the foregoing report was submitted for 
publication, the authors have had occasion to treat a second patient; 
unfortunately, fatal hemorrhage occurred in this instance. "We report 
the case briefly because of the technical difficulty encountered after the 
major part of the operation had been completed. 


N. M-, a colored male, aged 12 years, was admitted to Charity Hospital on 
Feb. 2/, 1940, with unmistakable clinical, x-ray, and electrocardiographic signs of 
persistent patent ductus arteriosus. 

Operation was performed on July 19, 1910. A ductus about 1 cm. in diameter 
and approximately 1 cm. long was easily located. Obliteration of tlie ductus by 
digital pressure caused the diastolic pressure to rise from 50 to SI mm., and also 
caused an immediate cessation of the thrill. All important anatomical structures 
were carefully identified and isolated with no particular difficulty. The left wall and 
the anterior and posterior walls of the ductus were cleared quichly, but in separat- 
ing the right wall from the bronchus, dense connective tissue was found. The 
ductus was grasped with plain forceps and gentle traction was exerted, care being 
maintained not to injure the pulmonary artery. A right-angled cystic duct clamp 
was being used to separate the wall of the ductus from the bronchus when a stream 
of arterial blood was noticed. In tlie belief that the ductus itself had been in- 
jured, clamps were placed at the aortic and pulmonic ends. There was a rmsh of 
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Inspection of the aorta nml the ductus allowed a frialde area of aortic wall 
adjacent to the right wall of the ductus arteriosus. In dissecting the ductus away 
from the bronchus, the inflamed area had been torn and attempts to stem the flow 
of blood with clamps had only increased the size of the tear. 
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Editorial 


Skin, Grafting and the Three-Quarter Thickness Skin Graft 

A LTHOUGH skill grafting is one of the older surgical procedures, 
it is remarkable that the surgical profession generally has little 
knowledge of the good results which can he obtained in the alleviation 
of many soft tissue deformities by resurfacing the defect with a proper 
type of skin graft. The various specialty surgeons are more remiss 
in this respect than the general surgeon. Even many of the plastic 
surgeons (probably because of the publicity given the pedicled flap) 
are not always cognizant of the advantages of the usage of a properly 
selected skin graft. 

A more or less simple surgical principle, preparation of a granulating 
surface for the reception of a skin graft, is often neglected. The fact is 
lost sight of that a granulating surface has to be surgically clean if a 
“take” of the skin graft is to be expected and that for cleansing pur- 
poses in such instances nothing is superior to a wet antiseptic dressing 
changed repeatedly or immersion in an antiseptic solution followed by a 
moist antiseptic dressing. 

If one has ever completely excised a heavy scar and noted how much 
larger the resultant wound is than the central scar, it is easy to under- 
stand how a scar tends to contract like rubber and thereby limits move- 
ment unless prevented from doing so by underlying anatomical struc- 
tures. Still much too often this simple principle is not appreciated and 
therefore the remedy is overlooked; namely, completely replacing the 
epithelium that has been lost and thereby alleviating the dysfunction. 

hen dealing with healed soft tissue lesions, often there are two reasons 
for hesitation ; either the operator is not dexterous enough to remove a 
proper graft or he fears the failure of a take. 

A new epoch in skin grafting was heralded in 1929 when Blair and 
Brov n introduced their more or less superficial intermediate skin graft, 
the so-called split graft. Their idea was that one might gain some of 
the advantages of the full thickness skin graft so far as the properties 
of good appearance, relative lack of contracture, and fair protection were 
concerned and that the factor of uncertainty of a perfect take might be 
eliminated largely as it is with the so-called Thiersch graft. In other 
words, by cutting a graft considerably thinner than the old full thickness 
graft and somewhat thicker than the type of skin grafts formerlv used 
the good properties of each might be combined in this new type of °raft 
and most of the disadvantageous properties might be largely eliminated. 
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I he ideal ski?! graft should he of such thinness as to assure successful 
ti /implantation and lo/ivo the (Ionov site capable of spontaneous regenera- 
tion and yet he of such thickness as to afford adequate protection and 
minimum contraction and to match relatively satisfactorily the sur- 
rounding skin so far as texture and color are concerned. 

However, anyone who has attempted to take an ideal piece of skin 
with a large knife will admit that often he docs not succeed. Besides 
the inherent human factor a?id impossibility of controlling absolutely the 
level of a hand-held knife, much depends upon such factors as the 
locat ion of the area from which the graft is being removed, the nutrition 
of the patient, the sex of the patient, the age and even the race. After 
measuring the thickness of cross sections of a large series of skin grafts 
taken from the adult, male cut with the large skin knife and striking 
an average, one must conclude that as a rule grafts cut by the hand 
method, even when trying for depth, vary from 0.008 to 0.016 inch in 
thickness. Pull thickness skin grafts cut by the scalpel in an adult 
vary from 0.032 to 0.040 inch in thick ness. 

From microscopic studies it appears that ideal ] y in an adult at least 
one should be able to sever the skin at a level of from 0.020 to 0.024 inch 
to get sufficient thickness to approach the qualities of the full thickness 
graft and still retain the two outstanding good qualities of the super- 
ficial intermediate skin; namely, comparative certainty of “take” and 
the retention of sufficient epithelial elements in the donor bed for re- 
epithelization. The ideal graft, therefore, to apply on a clean raw 
surface is a three-quarter thickness skin graft cut at a level from 75 to 
90 per cent of the thickness of the skin. 


Recently a dermatome iias been constructed which, with the utmost 
facility and ease, allows one to remove a sheet of skin as large as the 
drum of the dennatoma (4 b.v S inches) and to cut it absolutely of uni- 
form thickness. The thickness can be varied .mid set at a predetermined 
level by a calibrating mechanism. 

The main advantage of the three-quarter thickness skin graft cut with 


the dermatome (thickness of 0.020 to 0.024 inch) over the full thickness 
skin "raft on clinical trial has proved to be that a take is a practical 
certainty if the other factors are observed, such as proper fixation, ten- 
" hemostasis, pressure, and a clean field. Most of the inadequacy 
swn ’ . ^j ic 20 per cent or more of attempts at full thickness skin 
oTufting hi difficult areas seems to have been eliminated. 

! of i ncr eased certainty of take has allowed the surgeon to 

i T indications for thick skin grafting. It has allowed him to 
extend t ie ‘ ^ areas as the dorsal and ventral surfaces of the 

graft success u , between the fingers. Especially in the correction 

hand and at? deformity about the larger joints, such as the 

of marked eieatncn^ con . cc tion of other contractures and blemishes, 


EDITORIAL 


605 


he can gain greater correction by the use of a three-quarter thickness 
skin graft of uniform thickness because of the certainty of a take. The 
fact that one encounters few blistered areas or areas of necrosis so that 
the subsequent texture and the color are as good as when one gets a 
partial take improves the functional and cosmetic results, especially 
on the face and neck. Finally, the fact that the donor area heals within 
ten to fourteen days from the base is of considerable advantage. 

In several situations the thinner type of calibrated graft as removed by 
the dermatome (0.010 [0.25 mm.] to 0.014 inch [0.36 mm.] in thickness) 
has distinct advantages over the thinner types of grafts used in the past. 
Foremost, it allows one to graft successfully the individual with ex- 
tremely wide denuded areas, a type of ease which in the past has often 
presented a nearly hopeless problem to the surgeon because of his in- 
ability to obtain sufficient skin to cover the denuded areas ; for example, 
the type of case with a tremendously large denuded surface covering 
both thighs and legs with most of the remaining skin on the trunk. The 
use of the dermatome allows one to remove skin from the abdomen, the 
chest, the back, or buttocks. It seems that one may use a slightly 
thicker type of graft (0.014 [0.36 mm.] to 0.016 inch [0.45 mm.] in 
thickness for example) ou a granulating surface so that ultimately the 
amount of contracture is less and the cosmetic appearance is better. 
Thus, for the routine case in which it has been customary to use success- 
fully the types of grafts as cut with the large knife, the ease, the ac- 
curacy, and the quickness of the method recommend the dermatome-cut 
graft as preferable. In grafting a large cavity it is particularly ad- 
vantageous to have a large sheet of skin of uniform thickness to drape 
over the stent. On a small baby one cannot cut by hand with a skin 
graft knife a graft of sufficient size to be very useful if a large defect 
is to be covered. With the dermatome a graft of large size may be taken 
from either the abdomen or the chest. The same may be said in the case 
of a graft cut from an emaciated person, such as may occur when one 
sees a severe burn after several months. 

Further, if one can vary the thickness of the graft at will, depending 
upon the region to which it is to be applied and the lesion which one aims 
to correct, it should prove desirable for varying lesions in different loca- 
tions to cut a graft of a thickness or a thinness as indicated. And again, 
according to the age of the patient and the particular region from which 
the skin is to be removed, a variation in thickness should be desirable as 
it is well known that the skin of children is thinner than that of adults 
and that the skin in certain regions, such as the inner thigh of a woman, 
is thinner. As previously mentioned, for certain lesions it is evident that, 
if one could remove the skin from any area of the body, such as the chest! 
the back, or over the ribs, certain areas could be resurfaced in a way not 
possible by the use of methods commonly practiced. 
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Finally, and probably most important, due to the invention of t he 
dermatome a new skin graft lias become available, a three-quarter thick- 
ness skin graft, cut at a level of from 75 to .90 per cent of the thickness 
of the skin. This graft, has advantages over the so-called full thickness 
skin graft and the superficial intermediate skin graft, especially for 
giving adequate coverage of aseptic denuded surfaces. The ease with 
which a skin graft, of any thickness may be removed even from areas 
not previously available simplifies the whole art of skin grafting. 

— Earl C. Padgett, M.D. 

Kansas City, Mo. 
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Conducted by Alfred Blalock, M.D. 


RECENT ADVANCES IN THE STUDY AND MANAGEMENT OF 
TRAUMATIC SHOCK 

Henry N. Harkins, M.D., Ph.D., Detroit, Mich. 

(From the John Simon Guggenheim Memorial Foundation and the Department of 
Surgery, Division of General Surgery, Henry Ford Hospital) 

(Continued from the March issue.) 

i. Plasma ( or Serum .). — The transfusion of plasma or serum is not 
new, being used experimentally by Bowditeh (1S71) and Luciani (1S72). 
The value of plasma in restoring blood volume after hemorrhage was 
known to Rous and Turner as long ago as 1918. Plasma has been ad- 
vised since then by many, including Heinatz and Sokolow (1935) ; 
Filatov and Kartasevskij (1935), of the Leningrad Blood Transfusion 
Institute; an annotation in the Lancet (1939); Knott and Koerner 
(1939); Elliott, Tatum, and Nesset (1940); Elman (1940); Fine and 
Gendel (1940), in experimental intestinal obstruction; De Gowin, 
Hardin, and Plass (1940) ; and others listed elsewhere in this paper. 
The importance of plasma loss in shock lias already been discussed. 
Its importance in other conditions is also to be reckoned with. The 
effect of hypoproteinemia in wound disruption has been worked out by 
Thompson, Bardin, Rhoads, and Frank (193S). 

The observations of Brennan (1940) offer new evidence for the benefit 
of plasma transfusions. Tliis writer found that: (1) As a result of 
hemorrhage the individual red blood corpuscles increase very ap- 
preciably in size, often by 30 to 50 per cent or more. (2) Following 
hemorrhage very considerable numbers of the patient’s red blood 
corpuscles become sidetracked within the body, probably in the muscle 
capillaries. Often more than 20 per cent of the number of those 
originally 7 circulating were found to be “missing” in this way 7 . Brennan 
considers that this is because of the inflow into the blood stream of 
tissue juices of low osmotic pressure which later enter the corpuscles, 
causing them to swell and clog the capillaries. If these corpuscles could 
be restored to the circulation, they would correspond to the number 
that would have been given by the transfusion of a liter of whole blood. 
Brennan then shows in sixteen eases, mainly neurosurgical patients with 
extensive blood loss, that plasma transfusions will accomplish tliis re- 
turn of lost red cells, and these are in reality a type of autotransfusion. 
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Finally, and probably most important, due to the invention of the 
dermatome a new skin graft, has become available, a three-quarter thick- 
ness skin graft, cut, at a level of from 75 to 90 per cent of the thickness 
of the skin. This graft has advantages over the so-called full thickness 
skin graft and the superficial intermediate skin graft, especially for 
giving adequate coverage of aseptic denuded surfaces. The ease with 
which a skin graft of any thickness may be removed even from areas 
not previously available simplifies the whole art of skin grafting. 

— Earl C. Padgett, M.l). 

Kansas City, Mo. 
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Nemvelt, Levinson, Olson, and Neeheles (1940) found that successive 
hemorrhages in dogs and only partial restoration with serum or blood 
do not permit survival of all animals, while reinfusion with amounts of 
serum or blood equal to the total volume of blood lost preserved the life 
of the animal in each instance. Their experiments furthermore showed 
that serum and blood are of nearly equal value and that in shock from 
massive hemorrhage maximal rather than minimal amounts of serum or 
blood should be administered. 

The new method of calculating the blood volume of a wounded patient 
by means of comparing the hematocrit before and after a plasma trans- 
fusion, as introduced by Bushbv, Kekwiek, and Whitby (1940), may 
have some practical value. A normal-sized man is found on the battle- 
field and the amount of blood lost is unknown. A plasma transfusion 
is given; he improves. The question is: Has the plasma transfusion 
been adequate? How much blood had he really lost? The formula is: 


Yo — 


P xH„ 
H t - H, ’ 


where 


Yo = Original blood volume just before plasma transfusion, the 
factor sought 


P — volume of plasma given 

Hi — hematocrit just before plasma administration 

H, = hematocrit just after plasma administration 


Example. — A man weighing 70 kg. and whose normal blood volume should be 
roughly 5,000 c.c. is brought in wounded. The hematocrit readings just before and 
just after transfusion of 1,000 c.c. of plasma are 44 and 32, respectively. Applying 
the above formula, the original blood volume on admission is 


100 x 32 
~ 44 x 32 


= 2,606 c.e. 


wliich indicates that, even with the added 1,000 c.c., the blood volume is still 1,300+ 
below normal. This formula is open to the objection, however, that a difference 
of a few points in the hematocrit reading gives great differences in the blood volume. 
(Thus, with H. = 34, Vo = 3,400, H. = 36, Vo = 4,500, and H. = 3S, Vo = 
6,333!) This objection to the formula was not pointed out by Bushbv and associ- 
ates. 


Scrum Versus Plasma: This subject was discussed in a recent edi- 
torial (1940). Best and Solandt (1940) stated that as a result of their 
experimental work they were able to state that plasma and serum were 
therapeutically identical in shock treatment. Seudder (1940) favored 
the use of plasma over serum, believing it to be less toxic. Brodie (1900) 
observed experimentally that there was an immediate reaction to in- 
travenous serum injection, the blood pressure falling. He found that 
in this regard “serum obtained from plasma is inactive.” The use of 
plasma should be carefully differentiated from that of serum. That 
reactions occur after the use of lyophiled serum has been reported by 
Aldrich and eo-workers (1938), Lehman (1939), and Eavdin and co- 
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to be of little value. One of the newest innovations in the field of serum 
and plasma therapy of shock is the recent placing of these substances 
on the market. Thus, one commercial firm offers either human plasma 
or human serum already prepared in “saftiflasks” in 250 c.e. amounts 
at $34.80 per flask. 

Busliby, Buttle, and Whitby (1940) found that filtration of plasma 
through crude asbestos causes clotting due to some unknown factor that 
can be removed from the asbestos by treatment with 2 N nitric acid. 
Pure crystalline asbestos (Gooch fiber) does not cause clotting. 
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Neuwelt, Levinson, Olson, and Neeheles (1940) found that successive 
hemorrhages in dogs and only partial restoration with serum or blood 
do not permit survival of all animals, while reinfusion with amounts of 
serum or blood equal to the total volume of blood lost preserved the life 
of the animal in each instance. Their experiments furthermore showed 
that serum and blood are of nearly equal value and that in shock from 
massive hemorrhage maximal rather than minimal amounts of serum or 
blood should be administered. 

The new method of calculating the blood volume of a wounded patient 
by means of comparing the hematocrit before and after a plasma trans- 
fusion, as introduced by Busliby, Kekwiek, and "Whitby (1940), may 
have some practical value. A normal-sized man is found on the battle- 
field and the amount of blood lost is unknown. A plasma transfusion 
is given; he improves. The question is: Has the plasma transfusion 
been adequate 1 How much blood had he really lost ? The formula is : 


Yo — 


PxH. 
H, - H, ’ 


where 


Yo = Original blood volume just before plasma transfusion, the 
factor sought 

P — volume of plasma given 

H, = hematocrit just before plasma administration 

H 2 = hematocrit just after plasma administration 


Example. — A man weighing 70 bg. and whose normal blood volume should be 
rouglily 5,000 c.c. is brought in wounded. The hematocrit readings just before and 
just after transfusion of 1,000 c.c. of plasma are 44 and 32, respectively. Applying 
the above formula, the original blood volume on admission is 


Vo = 


100 x 32 
44 x 32 


— 2,666 c.c. 


which indicates that, even with the added 1,000 c.c., the blood volume is still 1,3004- 
below normal. This formula is open to the objection, however, that a difference 
of a few points in the hematocrit reading gives great differences in the blood volume. 
(Thus, with H. = 34, Vo = 3,400, H. = 36, Vo = 4,500, and H, = 38, Vo = 
6,333!) This objection to the formula was not pointed out by Busliby and associ- 
ates. 


Serum 1 ersm Plasma: This subject was discussed in a recent edi- 
torial (1940). Best and Solandt (1940) stated that as a result of their 
experimental work they were able to state that plasma and serum were 
therapeutically identical in shock treatment. Seudder (1940) favored 
the use of plasma over serum, believing it to be less toxic. Brodie (1900) 
observed experimentally that there was an immediate reaction to in- 
travenous serum injection, the blood pressure falling. He found that 
in this regard “serum obtained from plasma is inactive.’’ The use of 
plasma should be carefully differentiated from that of serum. That 
reactions occur after the use of lyophiled serum has been reported bv 
Aldrich and co-workers (1.93S), Lehman (1939), and Ravdin and eo- 
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workers (1940). These reactions have generally been attributed to 
serum changes induced by the lyophile process. Strumia, Wagner, and 
Monaghan (1940), however, pointed out that serum alone is much more 
likely to give reactions than plasma. Therefore, they believed that 
lyophiled plasma is the solution to this difficulty. It would seem that 
plasma may be preferable to serum. Prejudice against plasma probably 
arose in the days when citrate preservation was considered dangerous. 
Now we use it regularly for blood, why not for plasma ? The effects of 
mechanically stirring or otherwise separating serum are much less 
physiologic. 

Several writers prefer scrum. Thus, Levinson, Neuwelt, and Necheles 
(1940) (experimental article) and Levinson, Rubovits, and Necheles 
(1940) (clinical article) favor serum, reporting a low reaction rate. 
It must be pointed out, however, that their evidence is based on smaller 
dosages than Strumia ’s plasma dosages. Clegg and Dible (1940) also 
favored the use of serum as opposed to plasma. They agree that in the 
stress of war both are preferable to whole blood, but that certain inherent 
disadvantages are present in the use of plasma. First, the fibrinogen 
fraction is unstable and tends to precipitate more and more on standing. 
In consequence the plasma solution comes to contain particulate matter, 
making the use of a straining filter essential for its administration. This 
keeps the plasma mixture from being safely given through a simple tube 
and funnel in an emergency where more complicated methods, which 
incorporate a filter in the S 3 r stem, are not available. Second, the separa- 
tion of plasma from cells involves a good deal of manipulation with a 
considerable chance of contamination. 


Clegg and Dible therefore decided to convert their plasma into senim. 
The serum would combine the advantages of: (1) being able to be given 
without typing; (2) containing no particulate matter even after long 
storage at either room or icebox temperature; (3) requiring no filter for 
administration; (4) being made from bank blood; and (5) passing 
through a bacterial filter, insuring its sterility. 

Advantages 1 and 4 are inherent in plasma as well, and all but the 
fourth are present in the use of natural serum. Natural serum, however, 
cannot be made from bank blood. The usual methods of filtering plasma- 
aline mixtures have proved unsuitable for large-scale and wartime work. 
As 1 reported by Bushby, Buttle, and Whitby (1940) and others, either 
filter becomes clogged or the filtrate, at first clear, later develops a 
recipitate on standing- Clegg and Dible therefore developed the fob 
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cipitated by the addition of calcium chloride. Twenty cubic centimeters 
of S per cent sterile calcium chloride per liter of plasma are added with 
glass heads and the mixture placed in a mechanical shaker. A firm clot 
separates; the supernatant serum is filtered through a Seitz filter and 
stored in sterile containers. The resultant serum has the following com- 
position : 

Total protein 4.5 to 5.0 Gm./lOO c.c. 

Calcium G5.0 to SO.O mg./lOO c.c. 

Potassium 3S.0 to 40.0 mg./lOO c.c. 

The somewhat high potassium content of this mixture would he theo- 
retically counteracted by the high sodium content. No ill effects have 
been attributed to the potassium in aetual use. Quantities of this serum 
have been given up to 1,500 c.c. to shock and hemorrhage patients and 
normal subjects. The only reaction was a transitory urticaria and chill 
in a normal man given 1,000 c.c. intravenously in fifteen minutes. 

Elman (1911) reviewed the use of plasma in severe bum shock. 
Brennan (1911) pointed out that the plasma requirements of shocked 
patients cannot always be calculated from a simple blood concentration 
index such as that of Bushby and associates (1940). Mobilization of 
sidetracked red cells may cause an actual concentration to follow plasma 
administration. Tidy (1940), discussing Black’s (1940) index of the 
amount of plasma transfusion in burns on the basis of hematocrit read- 
ings, pointed out that the initial hematocrit is an assumption in this 
index. Hence it is only accurate if the patient’s hemoglobin before the 
burn is normal. The extensive clinical experience with concentrated 
plasma reported by Hill, Muirhead, Ashworth, and Tigertt (1941) helps 
to place this mode of shock therapy on a sounder footing. These authors 
reported a reaction note of 1 per cent among 299 administrations of con- 
centrated plasma. In 45 cases of shock the results were excellent. 

Brown and Mollison (1940), in discussing the current argument re- 
garding the relative merits of plasma and serum, point out that in their 
experience the dried serum emanating from the Medical Research Coun- 
cil’s serum drying unit at Cambridge is not only safe but efficacious. 
The serum is passed through a Seitz filter before being dried from the 
frozen state in vacuo. In most cases four times normal serum was used. 
Because it took some time to reconstitute the serum, this process was 
often done the night before use. In my experience with dried plasma 
this would be dangerous as the reconstituted plasma tends to gel. Brown 
and Mollison gave their concentrated serum at room temperature, in 
doses of 40 to 500 c.c., with 34 reactions following 202 transfusions. In 
a series of 30 plasma transfusions 8 reactions occurred. 

When plasma is given, it may be administered in several forms : 

( * Va fur«I Plasma: This was used by Lehman (1939) and others. 
Strumia, Wagner, and Monaghan (1940) used plasma in over 1,500 
administrations without a reaction. In the present vogue for plasma 
transfusion it is interesting to note, as Robertson (1940) pointed out, 
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workers (1940). These reactions have generally been attributed to 
serum changes induced by the lyophile process. Strumia, Wagner, and 
Monaghan (1940), however, pointed out that serum alone is much more 
likely to give reactions than plasma. Therefore, they believed that 
lyophiled plasma is the solution to this difficulty. It would seem that 
plasma may be preferable to serum. Prejudice against plasma probably 
arose in the days when citrate preservation was considered dangerous. 
Now we use it regularly for blood, why not for plasma ? The effects of 
mechanically stirring or otherwise separating serum are much less 
physiologic. 

Several writers prefer serum. Thus, Levinson, Neuwelt, and Necheles 
(1940) (experimental article) and Levinson, Eubovits, and Necheles 
(1940) (clinical article) favor serum, reporting a low reaction rate. 
It must be pointed out, however, that their evidence is based on smaller 
dosages than Strumia ’s plasma dosages. Clegg and Dible (1940) also 
favored the use of serum as opposed to plasma. They agree that in the 
stress of war both are preferable to whole blood, but that certain inherent 
disadvantages are present in the use of plasma. First, the fibrinogen 
fraction is imstable and tends to precipitate more and more on standing. 
In consequence the plasma solution comes to contain particulate matter, 
making the use of a straining filter essential for its administration. This 
keeps the plasma mixture from being safely given through a simple tube 
and funnel in an emergency where more complicated methods, which 
incorporate a filter in the system, are not available. Second, the separa- 
tion of plasma from cells involves a good deal of manipulation with a 
considerable chance of contamination. 


Clegg and Dible therefore decided to convert their plasma into scrum. 
The serum would combine the advantages of: (1) being able to be given 
without typing; (2) containing no particulate matter even after long 
storage at either room or icebox temperature; (3) requiring no filter for 
administration; (4) being made from bank blood; and (5) passing 
through a bacterial filter, insuring its sterility. 

Advantages 1 and 4 are inherent in plasma as well, and all but the 
fourth are present in the use of natural serum. Natural serum, however, 
cannot be made from bank blood. The usual methods of filtering plasma- 
V e mixtures have proved unsuitable for large-scale and wartime work. 
As'reported by Bushby, Buttle, and Whitby (1940) and others, either 
h filter becomes clogged or the filtrate, at first clear, later develops a 
'eeipitate on standing. Clegg and Dible therefore developed the fol- 
lowing tech q Grown A and Group O donors into a standard 

BtoodB token ISO o.c. of 1.05 per cent oodmn, 

bottle of 54 c. . I godiinn chloride. The blood is stored in the 
citrate m O.oO P ^ ^ a y Sj during which period it is available for 
ice chest for seven 0 , ^ supernatant plasma-citrate-salinc mixture 

transfusion. If noU,se .’ JosC( j circuit, pooled, and the fibrin pre- 
fc removed by suction m « 
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a method for drying the serum in the frozen state in cellophane bags. 
The report of Bond and Wright (1938) on the use of lyophilc serum in 
the treatment of experimental shock and hemorrhage is one of the most 
convincing bits of evidence in favor of this mode of treatment. Fiosdorf 
and Mudd (1938) have introduced a new type of serum to take the place 
of the lyophile process; namely, the cryoehem serum (from *cpeos + xvi ua ) 
to designate evacuation in vacuo from the frozen state. This new process 
depends on CaSO., freezing instead of solid carbon dioxide, and reduces 
the price of a liter of serum from $3.00 to $20.00 (by the lyophile 
process) to 75 cents (by the cryoehem process). Amberg and Osterberg 
(1940) desciibed another method of drying serum; namely, dialyzation 
against an acacia solution. They must have found it unsatisfactory, 
because only seven months later Harper, Essex, and Osterberg (1940) 
reported on another method of preparation of dried plasma used in the 
Mayo Clinic. This consisted in simple distillation of the plasma at 45° C. 
with additional bubbling of sterile air through the plasma. About 400 
e.c. could be dried in an hour, and experiments on the final product 
(using dried dog plasma redissolved) on dogs revealed that it was with- 
out reaction when luieontaminated with serum. Dried human plasma, 
when redissolved, likewise gave no untoward reaction. This method is 
much simpler and cheaper than the lyophile method. 

Methods of Preparing Pried. Plasma (or Serum): Besides the 
lyophile and cryoehem processes, the methods of Edwards, Kay, and 
Davie and of Thalhimer, and the two processes used at the Mayo Clinie, 
numerous methods for manufacture of dried plasma or serum are in 
use. Preparation of dried serum was begun just at the close of the 
last war by Burrows and Cohn (1918), who dripped the serum into 
an evacuated bottle at about the rate that evaporation proceeded. Much 
the same principle had been used by Martin (1896), of Sydney, Aus- 
tralia, who used a Pasteur-Chamberland filter to drip the serum into the 
evacuated bottle. He found that under these circumstances the ‘ ‘serum 
can be desiccated as quickly as it will filter.” A method similar to 
Martin’s, only using a funnel with its tip drawn to a fine point, was 
used by Hartley, Eagleton, and Okell (1923), of the Wellcome Labora- 
tories, London. Sliaekell (1909) was the first to use the principle of 
evacuation from the frozen state (sublimation). Greaves and Adair 
(1936) described a method of desiccation of serum in vacuo, the water 
vapor being removed by P 2 0 5 . Freezing occurs from evaporation alone, 
no refrigerants being nsed. The use of phosphorus pentoxide is not 
suitable for large volumes of serum, so iu 1939 these authors devised a 
method of high vacuum evaporation in which an electrically measured 
amount of heat was fed to the frozen serum. This same article gives 
several other references to this same subject. 

The adtevac process of Hill and Pfeiffer (1940), of Dallas, consists in 
evacuation of serum from the frozen state with additional adsorption 
of the water vapor with silica gel to hasten the process. Hill (1940) re- 
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that excellent results were obtained during World War I by the use 
of cells resuspended in normal saline solution. Jt is doubtful, however, 
if these results can be compared with those of more recent times. Weed], 
Goettsch, and Beeves (1933) used serum transfusions experimentally in 
dogs for nonshock (nutritional edema, etc.) conditions. Eecently 
Strumia (1940) stated that he believes that plasma transfusions are as 
useful as whole blood transfusions in all but one emergency clinical con- 
dition; that is, carbon monoxide poisoning. Strumia does not type 
his plasma and has had no reaction in over 1,500 administrations. He 
restricts its rate of administration to less than 10 c.c. per minute, 
although he has given 900 e.e. in thirty minutes without reaction. 

Preserved Plasma: This is merely natural plasma obtained from a 
blood bank after the blood has been stored. Once separated from the 
cells, the plasma can be kept almost indefinitely, but it must be filtered 
before administration. 


Recalcified Plasma: This is serum made from plasma according to 
the method of Clegg and Dible. Calcificated plasma might be a more 
accurate term. 


Dried Plasma, Concentrated Plasma, Reconstituted. Plasma: Dried 
plasma is a powder. Concentrated plasma is either partially dried 
plasma or dried plasma reconstituted up to less than its original volume. 
Reconstituted plasma is dried plasma redissolved in water. Edwards, 
Kay and Davie (1940), using a method of vacuum distillation without 
freezing, have recently introduced the use of dried plasma into the 
British Army. This report indicates the trend toward abandoning whole 
blood transfusion and substituting the more foolproof and almost, or 
even just, as effective plasma transfusion. Mudd, Flosdorf, Eagle, 
Stokes, and McGuinness reported the lyophile process in 1 936. Pre- 
served plasma was used experimentally by Mahoney (1938). He per- 
formed experiments on the treatment of shod: due to peritoneal cooling 
and to trauma to an extremity. Referring to the former, lie stated: 
“Preserved plasma was compared with whole blood, saline and acacia in 
the treatment of this type of shock. The plasma was found to be the 
most efficient therapeutic agent in restoring the normal blood pressure.” 
He found the plasma less efficient in treating shock due to trauma to an 


extremity. 

That serum preserved by the lyophile process can be safely used m 

1 ‘ in human beings is attested by the beneficial effects of 

" rSe Si to a series o£ lipoid nephrosis phlion.s Ir.stod h.v 
Its adm IviUingsworth, and McGumness (1938). In these 

Aldrich, v ’ , iuresis f 0 Uowed the injection of four times con- 
patients a. markc sec|ffld paper Aldrich and Boyle (Iff 40) con- 

centrated serum. ‘ jp ree man and Wallace (1S3S) studied experi- 
firmed these resu s - 0Tlcen trated serum on the plasma volume and 
mentally the effect o Thalhimcr (1939) described a method for 

serum protein eoncen r. • , )ags a „d in a later paper described 

concentrating serum m 
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present Mayo Clinic method). A summary of the methods of evapora- 
tion and sublimation is given by Mason (1940). 

The first five methods of pervaporation listed in the table are all 
variants of Kober’s original bag-before-a-fan method. Kober (1917) 
noted that “collodion and parchment membrane containers permit mater 
to evaporate through the malls as though no membrane mere present,” 
and called this phenomenon “pervaporation.” It could be hastened by 
fanning or by heat. This method morks fine for concentrating plasma, 
but the last stages of drying are interminably long. Terry (1939), 
for example, merely concentrated and did not even try to dry. Hartman 
and Hartman (1940) combined the principle of pervaporation with that 


A. CtBojhwte cylinder*. 

B. Htt»l ting. 

Hctal ring acrevr damp. 
Container formed and filled. 

Container damped at both ends. 
“Rotating unit. 

Electric $trip heaters. 

Electric fan. 





Fie '(*vlI T « Hartman rotor pervaporator apparatus for desiccating blood plasma, 
(from Hartman. F. \V„ and Hartman, F. W-, Jr.: J. A. II. A. 1X5: 1990. 1940.) 


of stirring in their “rotor plasma pervaporator,” shown in Pig. 12. 
Constant rotation causes frothing with application of a constantly new 
fluid surface to the exposed cellophane walls. The frothing enables the 
plasma to be gently rubbed into an easily redissolved powder between 
the cellophane surfaces when dry; whereas, unfrozen plasma made in 
cellophane bags or tubes without rotation is apt to cake, and is difficult 
to put into solution again. This apparatus combines simplicity, eeon- 
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Table XIII 

Methods op Preparing Dried Plasma on Sekum: A Classification 


I. 


Spray distillation in vacuo (method of evaporation) 

1. Martin, 189G 

2. Burrows and Colin, BBS 
Hartley, Eaglefon and Okcll, 1923 

4. Edwards, Ivay and Davie, 1940 


d. Aylward, Maimvaring and Wilkinson, 1910 

0. Harper, Essex, and Osterbcrg, 1940 

II. h recitation from tlic frozen stale (method of sublimation ) 

1. Sliackoll, 1909 (prefreezing; chemical desiccant: H..SO,) 

2. Greaves and Adair, 1980 (chemical desiccant: ) 

Mudd, Flosdorf, Eagle, Stokes and McGuinness, 1930 (prefreezing; 
cold condenser desiccant: solid CO.), expensive; suitable only for 
small quantities; “lyophile process” 

4. Flosdorf and Mudd, 193S (self -freezing; chemical desiccant: CaSO ( ), 

' ' cryocli c in process ’ ’ 

5. Greaves and Adair, 1939 (no desiccant; electrically controlled application 

of heat) 

0. Hill and Pfeiffer, 1940 (self -freezing; physical adsorption desiccant: 

silica gel), “ adtevae process” 

7. Flosdorf, Stokes, and Mudd, 1940 (mechanical desiccation; expensive 
apparatus; prefreezing optional), useful for large quantities 

III. Permeation of water through cellophane membrane ( method of pervaporation) 

1. Ivober, 1917 (bag) 

2. Terry, 1939 (long tube) 

3. Thalhimer, 1939 (long tube), for concentration, warm air; for drying, 

frozen . ' 

4. Aylward, Mainwaring and Wilkinson, 1940 (long tube) 

5. Best and Solandt, 1940 (long tube) 

0. Hartman and Hartman, 1940 (double surfaced cylinder with rotation), 

the “rotor pervaporator” 

IV. Miscellaneous methods 

1. Amberg and Osterberg, 1940 (dialysis against acacia) 

9 Hall Fader and Decherd, 1940 (alcohol-ctlier precipitation of proteins) 


ported that he had given 115 doses of four-times concentrated plasma 
(9 900 c.c.) prepared by this method with only three transient reactions. 
Another method of preparing dried serum is that ol Hall, Fader, and 
Decherd (1940), who precipitated the serum proteins with alcohol-ether 
solution The serum proteins prepared by this method were injected 
into dim's and into a single human subject without serious reactions. 
Before going on to a general discussion of more methods of drying 

plasma (or serum), a classification would be in order, as given m fable 
plasma, [ ^ ^ methods of evaporation and sublimation arc 

. „rndcst of all methods, drving in an open 
merely modifications of the ez watcr vapor is diffieult to rc . 

disl, Sublimation « rU ovcreomo „, is dinienUy. Of 

move, as testified D desivac process is best suit ed for largo 

the methods of a single unit being 100 liters of 

volume work, the dijm 0 W ould cost $1S, 000.00, wliile a 10 liter 

plasma a day. Such an ap^ ^ 200.00. Of Hie methods of evaporation, 

a day apparatus won ® os ' ’ i^ble, the result seems better (c.g., 

if the unfrozen plasma is caused 
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favored plasma transfusions even for hemorrhage, stating: “In cases 
of severe hemorrhages the loss of erythrocytes is a relatively secondary 
factor, one which contributes but little to the state of shock, provided the 
volume of circulating blood is maintained at a proper level. 1 ’ In their 
hospital blood is mixed with a 2 per cent solution of sodium citrate in 
normal saline solution in the proportion of 100 e.c. of citrate-saline mix- 
ture to 500 c.e. of blood. Plasma is separated by suction after centrifuga- 
tion and may he used or stored at 4° C. after addition of merthiolate 
solution 1:10,000. The plasma is pooled and tested serologically by 
means of the Wassermann and Kahn tests, but it is not typed or cross- 
matched. Further discussion of plasma is given under the heading 
“Shock in Wartime.” 

3. Oxygen.— The importance of anoxia was stressed under that head- 
ing. At present, administration of oxygen gas from tanks, or better 
from the liquid state, into a tent or mask is the best method of adminis- 
tration. All shock patients should receive oxygen, possibly with 5 per 
cent carbon dioxide in eases where respiration is deficient. 

4. Adrenal Cortical Extract. — The use of this substance either in 
the natural or synthetic form has already been discussed. While this 
method of treatment is still in the experimental stage, it seems to offer 
great promise. It may act either by reducing hyperpot asscmia or by de- 
creasing abnormal capillary permeability. 

vn. shock in wartime 

The tremendously renewed interest in this subject, not only in Europe, 
hut iu the United States, is at once apparent from a review of the litera- 
ture during the past few months. The Medical Research Council (Eng- 
land) The Treatment of Wound Shock, .11. E. C. War Memorandum 
Wo. 1, and the National Research Council (United States) Bulletin on 
Shock are especially important recent contributions. Recent emphasis 
seems to be on adopting treatment to modern mobile warfare, especially 
in the use of easily transportable preserved blood or blood factors. 

The possibility of use of bovine plasma intravenously in man is dis- 
cussed by Cohn (1940) and bv Wangensteen, Hall, Kremen, and Stevens 
(1940). 

A series of four articles from the Edinburgh and South-East Scotland 
Emergency Blood Transfusion Service deserves attention. New equip- 
ment was described by Stewart (1940) with a reaction rate of 13.6 per- 
cent. Scarborough and Thompson (1940) studied the oxygen capacity 
of stored blood, concluding •. * ‘ Neither the haemoglobin content nor the 
oxygen-capacity of blood is impaired to an important extent by storage 
under the conditions described for periods up to thirty days.” In the 
final paper Crosbie and Scarborough (1940) found that ten days’ storage 
caused 74 per cent of the leucocytes in blood to he destroyed. 

The recent report of Maveoek (1940) on the results of the nine blood 
transfusion services in the Battles of Flanders and France is of interest. 
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oin.^ , sleiility, and rapidity. TJie double walling of the cylinders alone 
inci eases the drying area 100 per cent. While the cylinders usually 
aie opened when needed, the powder poured out and reconstituted in the 
usual manner, in an emergency the cylinders can be immersed in tap 
water and the drying process reversed. With the smallest unit of this 
apparatus 5,400 c.c. of plasma may be evaporated at one time. 

Use of Concentrated Plasma: Best and Solandt (1940) have extended 
the use of concentrated serum as used by Aldrich and associates for 
medical conditions (nephrosis, etc.) to the treatment of traumatic and 
histamine shock in experimental animals. They believed that the 
presence of abnormal amounts of fluid in certain tissues during shock 
is detrimental apart from the loss of blood volume which is represented. 
Treatment aimed at returning this fluid to the blood stream has long 
been attempted with hypertonic aqueous solutions. These solutions, how- 
ever, are themselves apt to leak out through the vessel walls and reverse 
their action and do more harm than good. Prom the theoretical stand- 
point it would seem that concentrated serum might have the desired 
osmotic action without the deleterious side effects. 


Best and Solandt tested this hypothesis on dogs with shock due to 
(1) histamine, (2) trauma plus hemorrhage, and (3) trauma, using 
serum concentrated to three times normal. They found that 20 per cent 
glucose, 3 per cent salt solution, or three times concentrated serum were 
all more effective in restoring blood pressure than their respective 
isotonic equivalents, but that the effect of the first two was much more 
transient than that of the concentrated serum. Finally, they found 
that a single intravenous dose of pituitrin just before the administration 
of an adequate quantity of concentrated blood serum seemed to be the 
best of the treatments studied. 

On the other hand, Magladery, Solandt, and Best (1940) found that 


in posthemorrhagic shock isotonic serum was just as efficacious as con- 
centrated serum. They found that in the treatment of posthemorrhagic 
shock in dogs approximately 40 per cent of the blood removed must be 


restored to secure recovery. Comparable volumes of serum or plasma 
produced equally satisfactory results. They concluded that in their 
riments the volume of the red cells restored to the animal is more 
'mportant than their oxygen-carrying capacity and that serum and 
1 1 1 m «a were as effective as whole blood. They advised a rapid rate 
^administration (50 to 100 c.c. per minute) as soon as possible after 
the* 1 hemorrhage of the serum or plasma. 

ntrated lyophile serum has been used by Hughes, Mudd, and 

, CG and bv Wright, Bond, and Hughes (193S) to reduce 

Strecker (lvao) • 

d intracranial prcssui c. 

increase ‘ Armv adopting plasma transfusions and with the 

With the ** strumia has used over 1,500 of them without typing, 

idea in mind t ia - a tl . ans fusions should become the chief item 

it. would seem t ,a ‘ g truTn j a Wagner, and Monaghan (1910) 
in all shock treatment. 
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of the more chronic cases fresh blood may have been a little better, but 
not much. Mild reactions occurred more commonly following the use 
of stored blood than after fresh blood, but severe rigors were practically 
identical in the two cases (4.7 and 5.4 per cent, respectively). These 
authors concluded that stored blood should be heated to 37° C. before 
use, but this conclusion is based on a comparison of only 56 warmed 
blood specimens with 39 unheated specimens. Furthermore, all reaction 
rates were higher than in certain other series. 

De Gowin, Hardin, and Plass (1940), discussing the storage and 
transportation of blood for military purposes, stated that blood shipped 
by transport plane from Iowa City to Oakland, Calif., and return 
(3,539 miles) was essentially unkemolyzed and reaction-free. Simi- 
larly, blood sent by hospital ambulances 500 miles was unharmed. It 
was found practical to pack ten flasks of blood and the necessary ice 
in ten-gallon milk cans surrounded by commercial insulating covers. 
This obviates the use of special equipment in an emergency. 

Scudder (1940) and Sturgis (1940) recently summarized the use 
of plasma in the United States. The latter stated: “I believe ulti- 
mately we will be using desiccated plasma in the treatment of shock, 
probably not diluted up to normal strength, as this will increase the 
osmotic pressure in the vascular system.” Sturgis states that centrifug- 
ing of blood to obtain plasma is apt to generate heat causing hemolysis. 
This can be overcome by the use of dry ice or by using simple settling, 
the latter giving an approximately 75 per cent plasma yield. Scudder 
has found the pH of plasma obtained by settling to be nearer normal 
than that obtained by centrifuging. 

Certain very recent publications on the nature of shock may eventually 
have a wartime application. The observation of Salmon and Engel 
(1940) that pantothenic acid prevents certain types of hemorrhagic 
adrenal necrosis due to deficiency states may lead to further discoveries. 
The recent review of shock by Grodins and Freeman (3941) is of in- 
terest. The use of the intramedullary route (into the bone marrow of 
the sternum, clavicle, tibia, or femur) by Tocantins and O’Neill (1940) 
is of great interest. These authors used this method iu 13 patients, 
Citrated blood, plasma, glucose and salt solutions were infused without 
any immediate or delayed local or constitutional reactions. 

Rose and Browne (1941) found from experiments on the rat that 
there is a marked increase in the histamine content of the gastro- 
intestinal tract and a lesser increase in the histamine content of the 
liver and lung following adrenalectomy. These results may indicate 
that histamine may bear a relationship to the production of symptoms 
of adrenal insufficiency and shock and that the metabolism of histamine 
is influenced by the cortex of the adrenal gland. Boyd, Stevenson, and 
Wat Inn son (193S) showed that removal of one-quarter of blood volume 
of rabbits by hemorrhage did not produce a leucocvtosis. Parkins, 
Swingle, Taylor, and Hays (1938) found that administration of adrenal 
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Few details are available about the use of plasma, of which there was 
comparatively little in Flanders. All the officers of the service stressed 
the advantage of giving adequate amounts and that failure of a severely 
wounded and shocked patient to recover after 2 to 3 pints of blood or 
plasma probably means that further quantities must be administered. 
The highly mobile type of warfare imposed great difficulties upon organi- 
zation. The need for having each bottle of fluid accompanied by an ap- 
paratus for administration was essential under active service conditions. 


The number of transfusions given can only be approximated, but it 
can be said that some 350 to 5 00 pints of stored blood and plasma were 
used between May 10 and the evacuation of Dunkerque. Certain techni- 
cal points merit notice. Cannulation was seldom required (13 per cent 
at one casualty clearing station and 2 per cent at another), although 
large quantities of blood were given to single patients. Cannulae were 
of use during aerial bombardment when restlessness and nervousness 
increased among the wounded. Prolonged storing of blood, even seven 
weeks in one instance, seemed to make little difference and reactions 
were few. Likewise, transportation over rough roads, e.g., 100 miles 
from Arras to Brussels, seemed to exert no ill effect. The following 
quotation from one of the Sendee Chiefs is of interest : ‘ ‘ Transfusions 

were given to patients in beds, on stretchers, in clean rooms, in hovels 

Asepsis did not exist, antisepsis in most cases was almost impossible to 
achieve. I am convinced as a result of this experience that a transfusion 
could be given in absolutely any circumstances except in a vehicle.” 
And Mayeock doubts the importance of this last restriction. Maycock 
finally concludes that either the wounded must be brought to the trans- 
fusion centers more quickly or the transfusions must be given nearer 
the battle line. Since blood requires refrigeration, this second objective 
is difficult to obtain without resorting to plasma. Brown, Dennison, 
Ross and Divine (1940) also reported on the use of blood transfusions 
in the treatment of soldiers wounded in the battle of Flanders. 


The method of blood transfusion described by Bashford (1940) is very 
applicable to rural or wartime conditions where hospital facilities are 
not. obtainable. Yot.t (1940) described a method of collecting blood 
bv suction and of administration by pressure which requires only one 
bottle and hence reduces the chances of contamination and would pos- 
sibly have a wartime application. 

' V r Maizels, Oliver, and Vaughan (1940) have recently presented 
j" ’ fbp relative merits of fresh and stored blood. This work 
a * the four London Blood Supply Depots (N.E., S.E.. SAV., 
comes lion ^ ood lisec l W as obtained from the four depots. Two 

and F-u addcd t0 one part of diluent, consisting of 3 per cent 

parts of blood we ‘ sod}um e ],] or i c i e and 1.05 per cent sodium citrate, 
glucose in 0.8o P C1 ‘ ag { j (at s f 0 red for lass than Uvculy-fou r hours 
They defined fresi > ° ^ ore t ] lim twenty-four hours old. For acute 
and stored blood as 1 _ d as lisc f u l as fresh blood. For some 

conditions they found *«' 
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cot Heal hormone was beneficial in adrenalin shock in adrenaleetomized 
dogs. Best and McHenry (1940) have cast a disparaging note on the 
wave of enthusiasm over histaminase stating that their observations led 
them to believe that “there was no physiologic basis on which to rest 
its clinical use.” 

Williams (1940), working at the Merseyside War Blood Bank, pointed 
out that, if blood bank bottles were autoclaved along with included 
citrate solution, the action of the citrate solution on the glass gave rise 
to an increased alkalinity. This alkalinity leads to hemolysis, but, if 
the bottles are autoclaved dry, sterility is difficult to obtain, especially 
as regards the absence of the organism B. subtilis. To get around the 
difficulty, a small amount of distilled water was included in the bottles 
at the time of sterilization. 

The paper of Hill, McMiehael, and Sharpey-Sehafer (1940) is of 
great practical as well as fundamental importance. These authors made 
observations of hemoglobin concentration, blood volume, and blood 
pressure before and after infusion with normal saline solution, hyper- 
tonic saline solution, serum, or concentrated serum in patients with post- 
operative and post-traumatic shock. They found that physiologic or 
hypertonic saline solution given intravenously to normal people is 
rapidly lost from the circulation, while serum is retained in the circula- 
tion for long periods. The rise in blood volume is dependent on the 
quantity of protein added and is not increased by further dilution of the 
serum. These authors further found that in shocked patients intra- 
venous saline produces transient benefit only, while serum is quite 
effective. They found the continued elevation of pulse rate in a shocked 
patient after restoration of blood volume and blood pressure not to be 
of dangerous import. They believed a rising- hemoglobin in shock to be 
a bad sign while a falling hemoglobin in the absence of hemorrhage 
is a good sign. Finally, they believed that the retention of infused 
serum or saline solution can be gauged by observing the changes in the 
hemoglobin percentage. 

The recent article of Solandt (1941) on the work of a London Emer- 
gency Blood Supply Depot (of which ho directed the S. W. section) is 
of interest. The S. W. Depot is one of the four London depots and 
bleeds about 600 to 700 donors a week. Some whole blood is used for 
transfusion some plasma is filtered at the Wellcome Laboratories, and 
n-f the Wood is used for preparation of serum for drying at 
Lifio-e \ blood “depot” and a Wood “bank” are essentially the 
Caffi The depot system obviates the necessity of bleeding at night or 
same- 1 1 this svstem has a great advantage when night transport 

on Sundays anc an( j oven dangerous by the blackout and 

for donors is mac e \ ■ • t]uit it seenis likely that “scram will largely 
the barrage. ^ treatment. Sfetten (1941) discussed the 

replace plasma lu _ s ‘ ] jf . iLs . sending plasma to Great Britain. 

activities of New \orkLity 
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The British M. It. C. Memorandum summarizes its opinion of shock 
treatment by stating: “It is now generally accepted that the most 
important requirement for arresting the progressive deterioration in 
general condition which is such a feature of shock, is restoration of 
blood-volume and thereby of tissue metabolism." While I might tend 
to be prejudiced in favor of this statement, I must point out that the 
question of shock is not yet settled, and, while transfusion therapy is 
helpful, it is not the entire solution of the problem. 

vm. COMMENT AXD CONCLUSIONS 

A brief definition of shock is the following: A progressive vasocon- 
strictive oligemic anoxia. 

A more descriptive definition of shock is: An oligemia initiated by 
traumatic local fluid loss, either whole blood, plasma, or both; accom- 
panied by decreased cardiac output, diminished volume flow r , lowered 
venous pressure, decreased oxygen consumption, arteriolar vasoconstric- 
tion, progressive hemoconcentration, capillary congestion, acapnia, and 
secondary blood pressure fall; and perpetuated by a summation of these 
factors and possibly hyperpotassemia, increased generalized capillary 
permeability, anoxia, action of tissue metabolites, and deficiency of 
adrenal cortical hormone. Other changes, both chemical and patho- 
logic, often occur in shock, including increased blood nonprotein nitro- 
gen, decreased coagulability of the blood, and in some instances increase 
in plasma magnesium. 

With all of these changes going on, it is often difficult to tell which 
are initiating, accompanying, or perpetuating factors. In different 
clinical conditions the proportionate importance of different causative 
factors may vary and in some more than one cause may be active. The 
simplest ease seems to be. hemorrhagic shock where the loss of fluid is 
the initiating factor and the other changes act in an accompanying or 
a perpetuating role. In other eases the loss is chiefly plasma (e.g., burn 
shock), and in still others it is both. whole blood and plasma (e.g., trau- 
matic shock). In some instances the loss of fluid is gradual; in others 
it is sudden; in some it is greater than in others. In these latter some 
additional causative factor would seem to be active in producing death; 
whereas, when the fluid loss is large, it alone may explain the onset 
of shock and resultant death. 

The primary result of the fluid loss is an oligemia with associated 
vasoconstriction, decreased cardiac output, and decreased blood flow. 
This latter factor is important in producing an anoxia and resultant 
general capillary wall and cell injury. A progressive hemoconcentra- 
tion usually results from the general capillary wall injury and the at- 
tendant hyperpotassemia may result from general cell injury. The re- 
lations between these and other possible perpetuating factors have been 
discussed. 
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coitieal hormone was beneficial in adrenalin shock in adrenalectomized 
dogs. Best and McHenry (1940) have cast a disparaging note on the 
wave of enthusiasm over histaminase stating that their observations led 
them to believe that "there was no physiologic basis on which to rest 
its clinical use.” 

Williams (1940), working at the Merseyside War Blood Bank, pointed 
out that, if blood bank bottles were autoclaved along with included 
citrate solution, the action of the citrate solution on the glass gave rise 
to an increased alkalinity. This alkalinity leads to hemolysis, but, if 
the bottles are autoclaved dry, sterility is difficult to obtain, especially 
as regards the absence of the organism B. subtilis. To get around the 
difficulty, a small amount of distilled water was included in the bottles 
at the time of sterilization. 

The paper of Hill, McMichael, and Sharpey-Sehafer (1940) is of 
great practical as well as fundamental importance. These authors made 
observations of hemoglobin concentration, blood volume, and blood 
pressure before and after infusion with normal saline solution, hyper- 
tonic saline solution, serum, or concentrated serum in patients with post- 
operative and post-traumatic shock. They found that physiologic or 
hypertonic saline solution given intravenously to normal people is 
rapidly lost from the circulation, while serum is retained in the circula- 
tion for long periods. The rise in blood volume is dependent on the 
quantity of protein added and is not increased by further dilution of the 
sei’um. These authors further found that in shocked patients intra- 
venous saline produces transient benefit only, while serum is quite 
effective. They found the continued elevation of pulse rate in a shocked 
patient after restoration of blood volume and blood pressure not to be 
of dangerous import. They believed a rising hemoglobin in shock to be 
a bad sign while a falling hemoglobin in the absence of hemorrhage 
is a good sign. Finally, they believed that the retention of infused 
serum or saline solution can be gauged by observing the changes in the 
hemoglobin percentage. 

The recent article of Solandt (1941) on the work of a London Emer- 
<>encv Blood Supply Depot (of which he directed the S. W. section) is 
of interest. The S. W. Depot is one of the four London depots and 
bleeds about 600 to 700 donors a week. Some whole blood is used for 
, fu sion some plasma is filtered at the Wellcome Laboratories, and 
. nf ’ the blood is used for preparation of serum for drying at 
” 1C 1 v blood “depot” and a blood "bank” arc essentially the 

Cambric ge ' system obv iates the necessity of bleeding at night or 
same, n 1 ." tem has a great advantage when night transport 

on Sundays an • • ( |;qj cu p an( ] even dangerous by the blackout and 
for donors 1S n ' a< . ° V‘ Hte s that it seems likely that “serum will largely 
the barrage. Sola _ trea tmcnt. Stetten (1941) discussed the 

replace plasma m s hospitals in sending plasma to Great Britain. 
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The British M. R. C. Memorandum summarizes its opinion of shock 
treatment by stating: “It is now generally accepted that the most 
important requirement for arresting the progressive deterioration in 
general condition which is such a feature of shock, is restoration of 
blood-volume and thereby of tissue metabolism.” While I might tend 
to be prejudiced in favor of this statement, I must point out that the 
question of shock is not yet settled, and, while transfusion therapy is 
helpful, it is not the entire solution of the problem. 

vm. COMMENT AND CONCLUSIONS 

A brief definition of shock is the following: A progressive vasocon- 
strictive oligemic anoxia. 

A more descriptive definition of shock is: An oligemia initiated by 
traumatic local fluid loss, either whole blood, plasma, or both; accom- 
panied by decreased c-ardiae output, diminished volume flow, lowered 
venous pressure, decreased oxygen consumption, arteriolar vasoconstric- 
tion, progressive hemoeoneentration, capillary congestion, acapnia, and 
secondary blood pressure fall; and perpetuated by a summation of these 
factors and possibly hyperpotassemia, increased generalized capillary 
permeability, anoxia, action of tissue metabolites, and deficiency of 
adrenal cortical hormone. Other changes, both chemical and patho- 
logic, often occur in shock, including increased blood nonprotein nitro- 
gen, decreased coagulability of the blood, and in some instances increase 
in plasma magnesium. 

With all of these changes going on, it is often difficult to tell which 
are initiating, accompanying, or perpetuating factors. In different 
clinical conditions the proportionate importance of different causative 
factors may vary and in some more than one cause may be active. The 
simplest case seems to be. hemorrhagic shock where the loss of fluid is 
the initiating factor and the other changes act in an accompanying or 
a perpetuating role. In other cases the loss is chiefly plasma (e.g., burn 
shock), and in still others it is both. whole blood and plasma (e.g., trau- 
matic shock). In some instances the loss of fluid is gradual; in others 
it is sudden; in some it is greater than in others. In these latter some 
additional causative factor would seem to be active in producing death; 
whereas, when the fluid loss is large, it alone may explain the onset 
of shock and resultant death. 

The primary result of the fluid loss is an oligemia with associated 
vasoconstriction, decreased cardiac output, and decreased blood flow. 
This latter factor is important in producing an anoxia and resultant 
general capillary wall and cell injury. A progressive hemoconcentra- 
tion usually results from the general capillary wall injury and the at- 
tendant hyperpotassemia may result from general cell injury. The re- 
lations between these and other possible perpetuating factors have been 
discussed. 
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Book Reviews 


Cirugia de la Constipacion. By Dr. Conrado Zuckermann, of the Mexican Academy 
of Surgery, Professor of Surgical Pathology of the Medical Faculty of Mexico 
and Surgeon of the Mexican Clinic of Surgery and Radiotherapy. Pp. 1S9, with 
32 illustrations. Mexico, D. F., 1939, Manuel Leon Sanchez. 

This monograph represents the work for which the author was awarded the 
Ricardo Arias medal at the Third Central American Medical Congress in October, 
1935. First are presented certain factors thought to be of importance in the 
etiology of constipation. These include hereditary factors, errors of conduction, 
errors in alimentation, and local factors, such as parasites and neoplasms. The 
author stresses the frequency with which constipation is caused by Jackson’s veil and 
various pericolic bands and adhesions. Therapy in milder cases is based on correc- 
tion of hygienic and dietary faults together with physiotherapy and medications. 
Cases which fail to respond to these measures fall into the surgical group if accom- 
panied by severe gas pains, toxemia, ptosis, or bands and adhesions. The simplest 
surgical procedure consists of appendectomy with cololysis or colopexy; a second 
group requires a short-circuiting procedure; and in a third group hemicolectomy or 
complete extirpation of the colon is chosen by the author, who favors spinal anes- 
thesia, wide anastomoses of the open type, and the use of No. 0 or 1 chromic catgut 
for intestinal suture material. 

There follows a chapter dealing with physiology of the large bowel and then 
a discussion of the various types of sympathectomy for relief of constipation with ft 
description of surgical technique. The next chapter consists of abstracts of pertinent 
literature beginning with 1923 through 193(1. Twenty case histories then are pre- 
sented with discussion of the surgical procedures employed and the results obtained. 
In the summary the author claims excellent results in twelve of these cases, satis- 
factory results in four, and moderate relief in the other four. Many surgeons in 
this country will criticize the author for his use of heavy’ chromic catgut in intestinal 
anastomosis, while others will remain unconvinced that chronic constipation is a 
surgical disease. The monograph is well written and interesting. 


Treatment in General Practice. Surgery Articles published from the British 
Medical Journal, Volume IV, page 5(12, with 143 illustrations. London, 1940, 
jp £- Lewis and Co., Ltd. 10s. 

. yoiume consists of a number of articles published in the British Medical 
Tournal between July, 19-S, and May, 1940. While almost every field of surgery is 
Temped articles concerning fractures seen, to predominate. 

’ voukl expect in a book of this type, tiicre is no uniformity of style or 
As one " k tJ) t j ie su bjeet matter, which gives the book a sense of being 
metho o ap ,| le articles are well written. The tone of the volume is 

disjoiutei , subject matter is of general interest ami will appeal /no.Ht to t/ie 

authoritative.^^ ^ illustrations are fair. A workable index is appended. 
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Original Communications 


THE EARLY OPERATIVE TREATMENT OF ACUTE 
HEMATOGENOUS OSTEOMYELITIS* 


J. Albert Key, M.D., St. Louis, Mo. 

(From the Department of Surgery of the Washington University School of Medicine) 


TN CONSIDERING the problem of the ideal therapy in acute hema- 
t togenous osteomyelitis, one should have a definite idea as to the con- 
dition one is proposing to treat and the objectives to be obtained. 

In patients over 2 years of age the staphylococcus is the causative 
organism in about 90 per cent of the cases. This means that until we 
have evidence to the contrary we must assume that the disease is due to 
a staphylococcus. This organism is characterized by its ability to 
necrotize and invade the surrounding tissues. It is also credited with 
the production of lethal, Ieucocidal, plasma-coagulating, hemolytic, and 
fibrinolytic toxins. The human organism has relatively little ability to 
develop a general inununity to the staphylococcus and there is a definite 
tendency for this organism to enter the blood stream in large numbers 
and cause a septicemia which results in the death of the patient in about 
70 per cent of the cases in which this complication occurs. In addition 
to its tendency to cause a septicemia the staphylococcus also tends to 
enter the blood stream in small numbers and to localize and form metas- 
tatic abscesses in various parts of the body. It is further to be noted 
that living virulent staphylococci may remain dormant in the human tis- 
sues for a long period of time and then become active and produce an 
acute and even fatal infection. 


In acute hematogenous osteomyelitis the organisms have reached the 
bone through the blood stream, either from a focus, usually of little im- 
portance, such as a small furuncle or as casual organisms. It is believed 
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Book Reviews 


Cirugia de la Constipacion. By Dr. Conratlo Zuckermann, of the Mexican Academy 
of Surgery, Professor of Surgical Pathology of the Medical Faculty of Mexico 
and Surgeon of the Mexican Clinic of Surgery and Radiotherapy. Pp. 189, with 
32 illustrations. Mexico, D. F., 1939, Manuel Leon Sanchez. 

This monograph represents the work for which the author was awarded the 
Ricardo Arias medal at the Third Central American Medical Congress in October, 
1935. First are presented certain factors thought to be of importance in the 
etiology of constipation. These include hereditary factors, errors of conduction, 
errors in alimentation, and local factors, such as parasites and neoplasms. The 
author stresses the frequency with which constipation is caused by Jackson’s veil and 
various pericolic bands and adhesions. Therapy in milder cases is based on correc- 
tion of hygienic and dietary faults together with physiotherapy and medications. 
Cases which fail to respond to these measures fall into the surgical group if accom- 
panied by severe gas pains, toxemia, ptosis, or bands and adhesions. The simplest 
surgical procedure consists of appendectomy with cololysis or colopexy; a second 
group requires a short-circuiting procedure; and in a third group hemicolectomy or 
complete extirpation of the colon is chosen by the author, who favors spinal anes- 
thesia, wide anastomoses of the open type, and the use of No. 0 or 1 chromic catgut 
for intestinal suture material. 

There follows a chapter dealing with physiology of the large bowel and then 
a discussion of the various types of sympathectomy for relief of constipation with a 
description of surgical technique. The next chapter consists of abstracts of pertinent 
literature beginning with 1923 through 193(i. Twenty case histories then are pre- 
sented with discussion of the surgical procedures employed and the results obtained. 
In the summary the author claims excellent results in twelve of these eases, satis- 
factory' results in four, and moderate relief in the other four. Many surgeons in 
this country will criticize the author for his use of heavy chromic catgut in intestinal 
anastomosis, while others will remain unconvinced that chronic constipation is a 
surgical disease. The monograph is well written and interesting. 


Treatment in General Practice. Surgery Articles published from the British 
Medical Journal, Volume IV, page 5(12, with 143 illustrations. London, 1910, 
H. K. Lewis and Co., Ltd. lGs. 


. . v0 ] UJ iie consists of a number of articles published in the British Medical 

Tnnrnal between July, 1°™, While almoat eVL ' r - v of » ur U°V 

' . , concerning fractures seem to predominate. 

discusse , et in a ij 0 „k „f this type, there is no uniformity of style or 

As one " t0 the subject matter, which gives the hook a sense of being 

xiietlio o ' verthele^Sj the articles are well written- The tone of the volume is 
disjoined j ue ^ gu j)ject matter is of genera! interest ami will appeal most to the 
authoritative. illustrations are fair. A workable index is appended, 

general pruct.tmner. Mm 


KEY : ACUTE HEMATOGEK OUS OSTEOMYELITIS 


659 


which communicates with the general circulation by means of a bony 
canal appears to be a very efficient mechanism for the introduction of 
bacteria into the general circulation. Is it not to be expected that a 
pyogenic infection in bone will be complicated by septicemia more fre- 
quently than will a similar infection in the soft tissues'? 

Not only do pyogenic infections in bone tend to produce a septicemia, 
but they also tend to cause severe toxemia. This toxemia, which is so 
characteristic a part of the clinical picture of acute hematogenous osteo- 
myelitis, is caused partly by the toxins produced by the bacteria and 
partly by the breaking down of the necrotic tissues of the host. The 
patient remains toxic as long as the local disease is spreading, regardless 
of whether or not bacteria are entering the blood stream. This toxemia 
subsides when the local disease is surrounded by a Avail of inflammatory 
tissue Avhich is relatively impervious to the toxic material or Avhen the 
local disease is adequately drained so that the current is reversed and the 
toxic material tends to flow out through the wound rather than into the 
circulation of the host. 

An infection on the surface is less dangerous and is accompanied by 
less toxemia than is a similar infection sealed in the tissues. Conse- 
quently, early and adequate drainage of an acutely infected bone is 
desirable. The question is, can this be done without doing the patient 
more harm than good? At present the belief is quite Avidespread that 
in acute osteomyelitis no, operation should be performed until the in- 
fection has ceased to spread in the bone and the resistance of the patient 
has reached a point Avhere an equilibrium is established between it and 
the infection. Not only is this practice of Avaiting until the infection 
has burned itself out supposed to save the life of the patient, but 
Leveuf, 1 who Avaits until the temperature is normal before he drains 
the abscess, claims that this so-called conservative method actually results 
in less involvement of the bone and that under such treatment sequestra- 
tion is rare. 

It is argued that early operation is inadvisable for the folloAving rea- 
sons: (1) The patient is dehydrated; (2) the patient is toxic; (3) the 
patient is exhausted; (4) it is dangerous to operate upon areas of acute 
cellulitis; (5) operation tends to increase sequestration; (6) opening 
the bone forces an overwhelming number of bacteria into the blood 
stream and tends to cause septicemia or secondary foci; (7) the shock 
and hemorrhage of the operation loAver the patient’s resistance; (S) 
opening the bone does not provide effective drainage; (9) in many 
patients the disease will subside if it is not operated upon; (10) newer 
chemical antiseptics, antitoxins, vaccines, bacteriophage, sera, or enzymes 
will control the infection; and (11) one should Avail until the patient 
develops an immunity to the infection before operating. 
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from excessive jarring. The pistonlike effect on the medulla and the 
jarring can be reduced to a minimum by carefully and gently opening 
the cortex with a sharp, thin osteotome or with a small drill which is 
turned at a relatively slow speed and without excessive pressure. 

Even under the most favorable conditions there is danger that some 
bacteria may be forced into the blood stream, but this produces only a 
temporary bacteremia and I do not believe that there is very much 
danger that this transient bacteremia will cause secondary foci or a con- 
tinued septicemia. 

While the conditions are not entirely comparable, it is to be noted 
that Reichel 4 has shown that staphylococci injected into the circulation 
of the rabbit are nearly all removed by the reticuloendothelial cells with- 
in forty minutes after the injection and that the positive blood culture 
will not persist unless there is a focus of infection which continues to 
pour bacteria into the blood stream or unless the bacteria actually 
multiply in the circulating blood. The conditions are not quite com- 
parable because the resistance of the patient to the staphylococcus is 
much less than is that of the normal rabbits which Reichel used. How- 
ever, the patient’s resistance is not so low that the forcing of a single 
shower of bacteria into the blood stream will produce a continued 
septicemia. For this to occur it is necessary for the bacteria to multiply 
in the circulating blood faster than they can be destroyed by the 
defense mechanisms of the body, and when this condition is present the 
patient is doomed, unless we can treat him with some agent which either 
kills the bacteria in the blood stream or at least prevents them from 
multiplying. 

7. It is true that the shock and hemorrhage incident to the operation 
will tend to lower the patient’s general resistance. However, if the 
operation is planned beforehand and is performed skillfully, it can be 
done in a few minutes and relatively little blood need be lost. Also, the 
amount of blood lost can be replaced immediately by transfusion when 
this is indicated. 

S. It is true that where the infection is disseminated through cancel- 
lous bone it is not possible to drain this bone effectively by removing a 
window in the cortex. However, in such an instance partial or incom- 
plete drainage is better than no drainage at all. It has been my experi- 
ence that after opening such a focus it is usual that the drainage becomes 
well established within a few days and the temperature falls slowly 
and the patient improves gradually rather than by a crisis. 

9. In answer to the statement that in many of the patients the disease 
will subside if not operated upon, I have seen one such patient who had 
a very low grade infection in the shaft of the tibia which was treated by 
rest. This patient was treated conservatively against my advice and the 
clinical signs subsided and a small abscess cavity appeared in the bone 
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SURGERY 


On the above eleven reasons I wish to comment as follows : 


1. It is true that many of these patients are dehydrated when they 
enter the hospital and it is also true that surgery should not be performed 
on such patients. However, it is possible to correct the dehydration with- 
in a few hours by the administration of intravenous salt solution and 
glucose and this should be done on dehydrated patients before they are 
operated upon. 

2. The patient may also be severely toxic, even after the dehydration 
has been coi'reeted. It has been shown by Joyner and Smith 2 that a 
relative increase in the nonsegmented (immature) leucocytes and a 
relative decrease in the segmented (mature) leucocytes is the best 
measure of this toxicity and that usually this can be corrected by the 
administration of large doses of staphylococcus antitoxin. The antitoxin 
is given when the immature forms constitute 20 per cent or more of the 
total number of leucocytes and its administration is continued at inter- 
vals as long as this abnormal condition persists. However, the toxicity 
is not a contraindication to operation and severely toxic patients who are 
not dehydrated and exhausted should be operated upon and the bones 
should be drained in order to decrease the amount of toxin which is being 
poured into the general circulation. 

3. It is also true that the patient may be exhausted by the constant 
pain. Consequently, he should be given a full dose of morphine and 
put at rest and the involved extremity should be immobilized while the 
dehydration is being corrected. This also requires only a few hours. 

4. In a previous paper 3 I have stated that I do not believe that it is 


dangerous to incise an area of acute cellulitis if the incision is cleanly 
made with a sharp knife and the part is put at rest and the wound is left 
open after the operation. The mechanical forces exerted in making such 
an incision are very different from those exerted in squeezing a boil and I 
do not believe that the incision is liable to force bacteria into the blood 
stream and produce a septicemia. -As a matter of fact, if the incision 
is left open the local blood and tissue fluids flow out through the incision 
and bacteria present in the incised tissues tend to move with this current 
' rather than against it. 

iplic statement that drainage of the bone tends to increase the 
° t^of sequestration is so contrary to surgical principles and so at 
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11. In regard to the statement that one should wait until a patient 
develops an immunity to the infection, I have emphasized the fact that 
the defense of the body against staphyloeoceic infection is not of the same 
order as. is the immunity to some other types of bacteria, but is largely 
a cellular phenomenon involving phagocytosis and the walling off of the 
infected area. It is also true that many patients never develop an effec- 
tive immunity to this organism, even though they may harbor it over a 
period of many years, as is evidenced by the ehronicity of the disease 
and by the fact that in patients with chronic osteomyelitis the disease 
tends to flare up and that, after having harbored the disease over a 
period of years, these patients may develop acute infections and even 
septicemia which may prove fatal. Forssman 7 has stated that the 
staphylococcal immunity which does develop is a very slow process and 
takes not less than thirty days in rabbits. 

In consideration of the above statements, when a patient is suspected 
of having acute hematogenous osteomyelitis, this patient is a surgical 
emergency and he should be seen by a surgeon at the earliest possible 
moment and taken to the hospital immediately. When he enters the hos- 
pital he should be given a full dose of sulfathiazol by mouth or of 
sodium sulfathiazol intravenously and Ms general condition should be 
estimated. If he is exhausted and dehydrated, he should be given 
ample sedation and ample intravenous fluids. If he is extremely toxic 
he should be given a large dose of staphylococcic antitoxin according 
to the principles laid down by Baker and Shands 5 and the extremity 
should be immobilized and the patient put at rest for a few (usually 
eight to twelve) hours, or until the dehydration and exhaustion can be 
corrected. He should then be taken to the operating room, handled 
as gently as possible, and the limb draped and prepared for operation 
before the anesthetic is started. If the surgeon prefers, the operation 
can be performed under local anesthesia. 

As a rule, no tourniquet is used in acute pyogenic infections, because 
it is not wise to traumatize the limb by the tourniquet. 

The bone in the suspected area should be exposed by the most direct 
route with as little damage to the surrounding tissues as possible. The 
incision should be ample, but not excessive in length. Whether or not 
pus is encountered after incising the periosteum, the medulla of the bone 
should be opened. In younger patients in which the focus is near the 
end of the bone I use a sharp thin osteotome, cutting out a window with 
the corner of the osteotome. In older patients or in locations where the 
cortex is thick I first make multiple drill holes in the cortex and then 
connect these by cutting out the intervening bone with the osteotome. 
A small drill point is used first and this is followed by one about l/i inch 
in diameter. Every effort is made to handle the bone as gently as 
possible and to avoid excessive pounding on the bone or a sudden increase 
in the intramedullary pressure. 
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;inil this disappeared over a period ol about six months. This patient 
wax an exception amt not l lie rule, and f would advise operation again 
under similar conditions. I think that the risk was much greater in 
leaving this patient without operation than it would have been had he 
been operated upon promptly. When drainage is not instituted, the 
patient continues to absorb toxic material from the bacteria and from 
tiie degenerating tissues. If the area involved is small and the organism 
is not very virulent, the resulting toxemia is not important, but, on the 
other hand, it is not desirable. When a large area is involved by a very 
virulent organism, the toxemia may he profound and maj' endanger the 
life of the patient unless drainage is instituted. 


JO. Of the newer chemical antiseptics which have been tried, sulfanil- 
amide has a definite bacteriostatic effect upon susceptible streptococci and 
sulfathiazol is effective against both staphylococci and streptococci in the 
blood of infected animals. For this reason patients with acute osteo- 
myelitis should he given full doses of sulfathiazol and this should be 
continued until the fever lias subsided. However, it is not to be expected 
that this drug will reach the focus in the bone in sufficient concentration 
to be effective, because this focus contains large numbers of bacteria and 
is separated from the general circulation by a relatively impermeable 
wall of inflammatory tissue. Consequently, the bone focus should be 
drained whether or not this drug is used. 

In regard to antitoxins, the recent work by Baker and Shands 3 indi- 
cates that antitoxin will reduce the mortality of staphylococcic septicemia 


associated with osteomyelitis. In their series the mortality without anti- 
toxin was 70 per cent and with antitoxin was 25.7 per cent. However, 
they emphasize the fact that if antitoxin is to be successful the focus 
•hould be drained early in order to reduce the amount of toxin which is 
being poured into the blood stream. 

Vaccines cannot be expected to help an acute infection (if for no 
• reason, because of the time element) and the same is true of toxoid, 
an acutely ill patient vaccine or toxoid is to attempt to stimulate 
To give a ense mechanism by adding to the burden which is al- 

J . , we appears to be without clinical effect on these infections 

Bactenop i whieil are now in the experimental stage and which 

in the bone. . ’ 0 t h e destruction of the staphylococci in the blood 

have for then P ^ ^ ^ of great value, but even with the use of such 
stream, may P 10 ^ ^ foeus ; s advisable in order to decrease the mun- 

se ra early drainage ^ amount of toxic material entering the blood 

ber of organisms a work on an extract of a soil bacillus, probably an 
stream- The recen ^ eventually prove to have a beneficial effect on 
enzyme, by Hu 
osteomyelitis- 



KEY: ACUTE HE1IAT0GEX OUS OSTEOMYELITIS 


663 


12. In regard to the statement that one should wait until a patient 
develops an immunity to the infection, I have emphasized the fact that 
the defense of the body against staphylococcic infection is not of the same 
order as, is the immunity to some other types of bacteria, but is largely 
a cellular phenomenon involving phagocytosis and the mailing off of the 
infected area. It is also true that many patients never develop an effec- 
tive immunity to this organism, even though they may harbor it over a 
period of many years, as is evidenced by the ehronicity of the disease 
and by the fact that in patients with chronic osteomyelitis the disease 
tends to flare up and that, after having harbored the disease over a 
period of years, these patients may develop acute infections and even 
septicemia which may prove fatal. Forssman' has stated that the 
staphylococcal immunity which does develop is a very slow process and 
takes not less than thirty days in rabbits. 

In consideration of the above statements, when a patient is suspected 
of having acute hematogenous osteomyelitis, this patient is a surgical 
emergency and he should be seen by a surgeon at the earliest possible 
moment and taken to the hospital immediately. When he enters the hos- 
pital he should be given a full dose of sulfathiazol by mouth or of 
sodium sulfathiazol intravenously and his general condition should be 
estimated. If he is exhausted and dehydrated, he should be given 
ample sedation and ample intravenous fluids. If he is extremely toxic 
he should be given a large dose of staphylococcic antitoxin according 
to the principles laid down by Baker and Shands 5 and the extremity 
should he immobilized and the patient put at rest for a few (usually 
eight to twelve) hours, or until the dehydration and exhaustion can be 
corrected. He should then be taken to the operating room, handled 
as gently as possible, and the limb draped and prepared for operation 
hefore the anesthetic is started. If the surgeon prefers, the operation 
can he performed under local anesthesia. 

As a rule, no tourniquet is used in acute pyogenic infections, because 
it is not wise to traumatize the limb by the tourniquet. 

The houe in the suspected area should be exposed by the most direct 
route with as little damage to the surrounding tissues as possible. The 
incision should be ample, but not excessive in length. Whether or not 
pus is encountered after incising the periosteum, the medulla of the bone 
should be opened. In younger patients in which the focus is near the 
end of the bone I use a sharp thin osteotome, cutting out a window with 
the comer of the osteotome. In older patients or in locations where the 
cortex is thick I first make multiple drill holes in the cortex and then 
connect these by cutting out the intervening bone with the osteotome. 
A small drill point is used first and this is followed by one about 3 /t inch 
in diameter. Every effort is made to handle the bone as gently as 
possible and to avoid excessive pounding on the bone or a sudden increase 
in the intramedullar}' pressure. 
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Jt i.s td l)o emphasized that this operation is for dra inage only and that 
no attempt i.s made to remove the infected and necrotic hone. If there 
is extensive disease in the medullary cavity and the patient is in good 
condition, a relatively long window is made in the cortex. After 
hemostasis has been effected, the wound is sprinkled generously with 
powdered sulfathiazol and is packed loosely with vaseline gauze and the 
extremity is immobilized either in a plnster-of-Puris east or a very 
voluminous dressing and splint or by traction. 

The anesthetic is continued no longer than is necessary. Postopera- 
tivcly the patient is given intravenous fluids and if the red blood cell 
count is low he is given repeated small transfusions. Also, the large 
doses of antitoxin should be continued :is long as the nonsegmented 
leucocytes are relatively increased in the blood (over 20 per cent). 

I believe that it is better surgery to operate early in this manner 
on a patient with suspected osteomyelitis and to open a normal bone 
occasionally than it is to wait until the disease lias progressed to a point 
where the diagnosis is obvious. I believe that this type of treatment not 
only will decrease the mortality, if it is carried out with judgment by a 
skillful surgeon, but it will prevent much chronic osteomyelitis and will 
lessen the number of joints which arc destroyed by the disease, lessen 
the number of secondary foci, and lessen the amount of destruction in 
the bone which is primarily infected. It is thus evident that the most 
effective measures at hand for the prevention of chronic osteomyelitis 
with its resultant crippling are the early diagnosis and prompt and effec- 
tive drainage of acute osteomyelitis (Ivey 8 ). 


In patients under 2 years of age the patient is treated as described 
above, but operation is usually delayed until an extraosseus abscess ap- 
pears and then this is drained and the bone is not disturbed. In some 
infants with a mild infection incision and drainage may be omitted en- 
tirely. This is because in infants the bone contains large canals and 
relatively little inorganic matter and the infection acts much as does 
an infection in soft tissue. It quickly forces its way through the bone 
‘ t j ie ex traosseus abscess is formed relatively early. Since the bone is 
a orous that which is killed tends to be absorbed without sequestra- 
XeVy A second reason why sequestra are rare in infants is that about 
f t j ie cas es are caused by streptococci and infection in bone by 
one-.ia without the formation of sequestra. 
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ment that the patient is not operated upon until the dehydration and 
exhaustion have been corrected and he is ready for the operation. But 
he is prepared for the operation as promptly and thoroughly as possible, 
is operated upon with the least possible trauma, and is so treated after- 
wards that he is given the best chance, not only to live, but to live as a 
normal human being. 
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TUB DELAYED OPERATIVE TREATMENT OP ACUTE 
HEMATOGENOUS OSTEOMYELITIS 


John C. Wilson, M.D., Los Angeles, Calif. 

A DETAILED study oi‘ 110 patients suffering from acute hematog- 
** enous osteomyelitis was made in 1935 in an attempt to determine 
the proper time for drainage. This disease has long been considered a 
surgical emergency and it was hoped through this investigation to prove 
or disprove this dictum. It has recently been possible to study 33 
patients who were admitted to the orthopedic wards of the Children’s 
Hospital since the 1935 report was prepared. This analysis will be 
directed chiefly toward this latter group. We have held the conviction 
that acute hematogenous osteomyelitis was a disease of the organism as 
a whole and not entirely a pyogenic infection involving one or more 
bones. The acuteness of the onset of the disease, with a severe constitu- 
tional reaction, and as a rule bacteria which may be recovered from the 
blood stream are proof of a general infection. The fact that the organ- 
isms have a predilection for bony structures instead of soft tissues should 
not be the governing factor in the management of the disease. The in- 
fecting bacteria are blood borne from a focus, such as a furuncle, an 
abrasion which has been neglected and allowed to become sealed over, 
from urinary infections, and, in fact, from almost any type of pyogenic 
lesion. 

The bacterial emboli lodge in the diaphyses. At this point one of two 
things may happen. Resolution may occur or an abscess requiring sur- 
<dcal drainage may develop. Once the infected embolus lodges, the usual 
histologic changes of acute inflammation occur in the tissue. Liquefac- 
tion takes place at the point of bacterial invasion. This is followed by 
round-cell infiltration and later, if the process continues, by true abscess 
formation. These points must be kept in mind when determining the 
proper time for drainage. 

CHEMOTHERAPY 


use of sulfanilamide, sulfapyridine, sulfametathiazol, and sulfa- 
1 U ist be discussed in the treatment of the acute phase of this 
thiazol m exper i e nce is too limited as yet to draw definite conclusions 
disease- ^ * e fft ca cy 0 f chemical agents. Patients with clinical signs 
regarding ■ 1 elit j s have shown progressive x-ray evidence of the 
of acute os co ^ constitutional symptoms seemed to abate more 
disease g influence of the drugs. The careful use of sulfanil- 

rapidly under ie infect i on s and sulfathiazol in staphylococcus in- 
amide in streptoco bloo( j stream is recommended. Administra- 

tions with baetena hi 


fections 
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tion should not be instituted until the type of infecting organism has 
been deter min ed. The alert clinician will familiarize himself with the 
toxic manifestations of these drugs, taking frequent blood counts and 
blood concentrations of the chemical. Administration of powerful agents 
is not without danger but is proper when the inieeting organism has been 
determined. 

Roentgenograms of three patients from the Orthopaedic Department 
of the Los Angeles General Hospital are introduced to emphasize the 
fact that the local lesion may not be greatly influenced by the use of 
chemical agents. Pig. 1 shows the changes occurring in the ilium of a 
girl, 10 years of age, ill for five weeks at the time the first roentgenogram 



1* — X-ray of ilium. Aug. 30, 1940, of a female, 10 years of age, who became 
ill Dec. 21, 1939. Staphylococcus aureus bacteriemia. Treated with sulfathiazol ; 2.400 
c.c. of blood in ten transfusions. Afebrile March 1 , 1940. 

was taken. Fig. 2, taken a little more than two months later, shows a 
marked increase in bone destruction, although the patient during the in- 
terval did not manifest signs or symptoms of an acute febrile affection. 

Pigs. 3 and 4 are roentgenograms of a lesion of acute hematogenous 
osteomyelitis of the neck of the femur in a boy S years of age. Despite 
the fact that acute symptoms have subsided, bone disintegration is pro- 
gressing. 

1' igs. 5 and 6 are roentgenograms of the femur of a hoy, 2t/> years of 
age, who became ill on Sept. 27, 1940. A prompt recession of constitu- 
tional symptoms followed the use of chemotherapy. The bone ehanges 
show a progression of the disease. 
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Fig-. 4. — Same patient as shown in Fig. 3. seven weeks later. Note progression of 

bone destruction. 



of riov aged u^v.r? CI T , 1 ‘', l3t0- )u a ns ' a !ciiion of tlle UI> ‘ )er end ° r the femui 
covered' from Z, r ' became ill Sept. 23. 1340. Staph ulococcus aureus re- 

re 1 from blood stream. Treated with sulfathiazo). Became afebrile Oct. 13 1340 
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hematogenous osteomyelitis. 'Die necessity for drainage of abscesses at 
the proper time still exists. 

Sulfanilamide and sulfathiazol may be considered valuable agents in 
that they help to stay the hands of the surgeon for a short time while 
the patient musters his own protective forces. 

The operation which in due course becomes necessary should be thor- 
oughly carried out to obtain drainage. Incision of the periosteum or 
drainage of the abscess cavity by drill holes is not adequate. It is prefT 
erablo to preserve the periosteum by elevating it with an instrument and 
then remove a window of bone with a chisel or gouge. A reconsidera- 
tion of the pathologic changes must further impress one with the fact 
that protective barriers, so far as possible, must be saved. 



u-i.r ft Same patient as shown in Fig-. 5. x-ray taken A T ov. S, 1910. Continued de- 

struction. 


In order to bring out the salient factors under discussion, attention is 
directed to an analysis of 33 consecutive patients suffering from acute 
hematogenous osteomyelitis who have been admitted to the ortliopoedic 
wards of the Los Angeles Children’s Hospital since 1935. These patients 
white and varied in age from 17 months to 12 years. Thirteen were 
' veiG . , an( j 20 males. A definite preosteomyelitie history of furuncles 
iCma btained in 4 cases ; of urinary infection in 9 ; of superficial infec- 
was 0 ag blisters, splinters, and scratches in 5; of impetigo in 2; of 
txons, sue ^ ^ ehic ken p0 x in 1, laryngitis in 1, making a total of 23. 
otitis me i > nQ history of any condition which might be con- 
The 1 ' emainl f 0 ° erun ner of acute osteomyelitis. 

strued as a i ^ ^ geen that 22, or 66.6 per cent, suffered from single 
From Fig. 1 Eleveri) 01 . 33.4 per cent, had more than one diffuse 
diffuse lesions. ' series 0 f 33 developed more than one metastatic 

lesion- No case in ^ contrast to the 1935 series, for in this group 
lesion. Ti “ s leS i 0US , 1 patient three lesions, 2 had four, 1 had five, 
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The streptococcus was not a frequent cause of the disease. The 
staphylococcus was the predominating organism. The hemolytic Staphy- 
lococcus aureus was the infecting organism in 19 patients, the Staphylo- 
coccus aureus in 8, the hemolytic streptococcus of the beta type in 3, the 
hemolytic streptococcus alpha type in 1, and mixed alpha and beta types 
in 1 patient. The hemolytic Staphylococcus citreus was recovered in 
pure culture in 1 ease. 

Organisms were recovered from the blood stream in 19 patients. The 
hemolytic Staphylococcus aureus was found 13 times, the Staphylococcus 
aureus 4 times, and the hemolytic streptococcus beta type in 2 instances. 



The bones of the lower extremities were most frequently involved. 
This was particularly true of the femur and the tibia which were in- 
volved, respectively, in 9 and 15 patients. The infection developed in the 
proximal end of the tibia in 6 patients and in the distal end in 9 patients. 
The order was reversed in the femur, 7 lesions occurring in the upper 
end and 2 in the lower. The fibula was involved 4 times, the focus oc- 
curring in every instance about the distal metaphysis. The ilium and the 
os ealcis were each involved in 1 instance. The bones of the upper ex- 
tremities were involved in 3 individuals, the emboli lodging in the 
clavicle, humerus, and ulna. This gives a total of 30 primary lesions in 
the lower extremities and 3 in the bones of the upper extremities. 

The time of operation seems to have a definite bearing upon the mor- 
tality. In order to discuss this the patients have been divided into four 
groups with respect to the time of surgical drainage after the onset of 
the disease. 

Group I is composed of the patients operated upon during the first 
seven days of their illness. Eight out of 33, or 24 per cent, come in this 
classification. Five of these patients, or 62.5 per cent, developed no 
metastatic lesions. Three out of the S, or 37.5 per cent, developed one 
metastatic lesion following operations for drainage of the primary focus. 
'1 wo, or 25 per cent, died following drainage. 
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Group II includes IS patients, or 54 per cent, who had operative drain- 
age between the seventh and fourteenth days of their illness. Eleven of 
those IS, or G1 per cent, had no metastatic lesions, while 7, or 39.9 per 
cent, had one metastatic lesion. There were no deaths in Group II. 

Group III includes patients whose abscesses were drained between the 
fourteenth and twenty-first days of their illness. Three patients may 
be placed in this classification. Two, or 66.6 per cent, had no metastatic 
lesions. One, or 33.4 per cent, had one metastatic lesion. There were no 
deaths in this group. 

Group IV includes those patients with acute osteomyelitis who, for one 
reason or another, were not drained. Spontaneous rupture occurred in 
3 cases and 1 died twenty-four hours after admission. While the patient 
had osteomyelitis of the tibia, bronchopneumonia was also well developed 
and there was no clinical evidence to prove which first appeared. At 
any rate, this group had a mortality of 25 per cent. 
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FATAL CASES 


4. brief discussion of some of the salient points in the histories of the 
patients who died is of interest. 

. nt - oa i s first directed to a female child, 3 years of age, who 
1 acute hematogenous osteomyelitis of the distal metaphysis of 
develope ^ oW j ng impetigo. Hemolytic staphylococci were recovered 
the fibu a ^ stream Five days after the onset of the disease the 
from the ° , a i ne d and nine days later the child died. Post-mortem 
fibula was ‘ led a bilateral bronchopneumonia and suppurative 
examination 1 ® was n0 clinical evidence of pneumonia or pericarditis 
pericarditis. ’ . ^ was done . One must be impressed by the fact 
at the time the ^ ^ ^ fibula is not an extensive lesion. Perhaps 

bett 

lomplieations. 


16 mis of the fibula is 

that osteomyenub ment would ] laV e enabled this patient better to 

further support 1 ^ thereby preventing the fatal complications. An 
localize the va ec 
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early surgical procedure might easily disseminate infection-, whereas, 
the formation of further protective barriers in a few days could have 
made it safe. 

The second fatal case is that of a Mexican hoy, 2 y 2 years of age who 
developed acute osteomyelitis of the left upper tibial metaphysis on 
Sept. 11, 1935, following pyelitis. Staphylococcus axLreus was recovered 
from the blood stream by culture. The tibia was drained four days after 
the onset of the disease, and six days after the onset of the disease the 
patient died. The autopsy revealed bilateral bronchopneumonia, a sup- 
purative pericarditis, and a suppurative arthritis of the left knee joint. 
While it is admitted that he was from the beginning very acutely 
ill, it must be conceded that the operation for drainage was untimely in 
the light of the post-mortem findings. The end results might have been 
the same in any event, but this ease clearly illustrates the fact that the 
bone abscess was only a small part of a severe general infection. It is 
conceivable that the shock arising from the surgery did not aid recovery. 



The third patient was moribund on admission and died the following 
day from bronchopneumonia. No operation was performed, even though 
she exhibited a well-defined osteomyelitis of the upper tibial metaphysis. 
Elimination of this case would reduce the mortality in this series of 33 
patients to 6 per cent. 

END RESULTS 

The results of this disease as far as they can be determined at the 
present time have been classified as good, fair, and fatal. Mortality has 
been discussed and may be considered to be either 6 or 9 per cent. The 
good results are those in which the bone infections are now healed. Pair 
results are those in which drainage from the infected bone still persists 
and in which the general condition of the patients is reasonably good. 
T. here w ere none who seemed to fall into a category which might be 
described as poor. 
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Group II includes IS patients, or 54 per cent, who had operative drain- 
age between tile seventh and fourteenth days of their illness. Eleven of 
tiiese 18, or 61 per cent, had no metastatic lesions, while 7, or 39.9 per 
cent, had one metastatic lesion. There were no deaths in Group II. 

Group III includes patients whose abscesses were drained between the 
fourteenth and twenty-first days of their illness. Three patients may 
be placed in this classification. Two, or 66.6 per cent, had no metastatic 
lesions. One, or 33.4 per cent, had one metastatic lesion. There were no 
deaths in this group. 

Group IV includes those patients with acute osteomyelitis who, for one 
reason or another, were not drained. Spontaneous rupture occurred in 
3 eases and 1 died twenty-four hours after admission. While the patient 
had osteomyelitis of the tibia, bronchopneumonia was also well developed 
and there was no clinical evidence to prove which first appeared. At 
any rate, this group had a mortality of 25 per cent. 
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A brief discussion of some of the salient points in the histories of the 
patients who died is of interest. 
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A 6 d acute hematogenous osteomyelitis of the distal metaphysis of 
develope Q<r impe tigo. Hemolytic staphylococci were recovered 

the fibula stream. Five days after the onset of the disease the 
from the D ^ aucl nine days later the child died. Post-mortem 
fibula was aw a bilateral bronchopneumonia and suppurative 

examination rev ^ ^ elinical evidence of pneumonia or pericarditis 
pericarditis. . was done. One must be impressed by the fact 

at the time the di ^ fibula is no t an extensive lesion. Perhaps 
that osteomyelitis ° woul d have enabled this patient better to 

further supportive < u preventing the fatal complications. An 







WILSON: ACUTE HEMATOGENOUS OSTEOMYELITIS 


673 


early surgical procedure might easily disseminate infection; whereas, 
the formation of further protective barriers in a few days could have 
made it safe. 

The second fatal case is that of a Mexican boy, 2 y 2 years of age who 
developed acute osteomyelitis of the left upper tibial metaphysis on 
Sept. 11, 1935, following pyelitis. Staphylococcus aureus was recovered 
from the blood stream by culture. The tibia was drained four days after 
the onset of the disease, and six days after the onset of the disease the 
patient died. The autopsy revealed bilateral bronchopneumonia, a sup- 
purative pericarditis, and a suppurative arthritis of the left knee joint. 
While it is admitted that he was from the beginning very acutely 
ill, it must be conceded that the operation for drainage was untimely in 
the light of the post-mortem findings. The end results might have been 
the same in any event, but this case clearly illustrates the fact that the 
bone abscess was only a small part of a severe general infection. It is 
conceivable that the shock arising from the surgery did not aid recovery. 



The third patient was moribund on admission and died the following 
day from bronchopneumonia. No operation was performed, even though 
she exhibited a well-defined osteomyelitis of the upper tibial metaphysis. 
Elimination of this case would reduce the mortality in this series of 33 
patients to 6 per cent. 

END RESULTS 

The results of this disease as far as they can be determined at the 
present time have been classified as good, fair, and fatal. Mortality has 
been discussed and may be considered to be either 6 or 9 per cent. The 
good results are those in which the bone infections are now healed. Fair 
results are those in which drainage from the infected bone still persists 
and in which the general condition of the patients is reasonably good. 
There were none who seemed to fall into a category which might be 
described as poor. 
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Ai'ter eliminating the 3 fatal cases with a mortality rate of 9.1 per 
cent, those remaining may he graded as follows: Seventeen patients, 
or 51.5 per cent, fall into the classification of good results at this time, 
and it must he taken into consideration that a number of these eases are 
fairly recent. Eight patients, or 24.2 per cent, at this time may be 
classified as far results. It is very likely that at least one-half of these 
will he classified as good results within six months. Five patients, or 
15.1 per cent, have disappeared so that no information concerning their 
present status could he obtained. 

CONCLUSIONS 

i 

Acute hematogenous osteomyelitis is a serious disease. Primarily 
we fear the loss of the patient and subsequently the prolonged illness 
with draining sinuses and disabling deformities. These may be due to 
the direct involvement of joints, fibrous changes in soft tissues with con- 
tractures, and directional changes due to disturbances of the epiphyses. 

The use of sulfanilamide and sulfathiazol is recommended, providing 
the type of infecting organism is known. The patient’s blood must be 
frequently examined and the clinician should be on the alert for other 
toxic manifestations of the drug. 

The mortality was greatest in Group I in which surgical drainage 
was performed within seven days after the onset of the illness. In 
Group II, the largest one, there were no deaths and it is believed that 
the infections were equally severe. In Group III, although a small one, 
there were no deaths. 

Drainage will be in order when, all signs of dehydration have been 
overcome, when the location of the focus can be determined with some 
degree of certainty, and when there is reasonable evidence that pus is 

present. 

Come what may, the surgeon should not lose his balance and be 
stampeded into an inexpedient operation simply because he has a patient 
with septicemia who develops an abscess within the substance of bone. 



FIBROSARCOMA OF THE SOFT PARTS OF THE 
EXTREMITIES 


Stephen A. Ziemax, M.A., M.D., Chicago, III. 

(From the Department of Surgery, Hush ZCedical College, University of Chicago) 

I N RECENT years several important papers have appeared in the 
literature on fibrosarcoma of the soft parts of the extremities. 1 A 
number have surveyed the subject with thoroughness and comprehen- 
sion. The present paper proposes to comment on an unusual case. 

First, it is generally acknowledged that 40 per cent of these tumors 
affect the knee and upper thigh region. The distribution, however, is 
not limited to any one part of the hod}'. Rare, certainly, and probably 
not reported before, is a fibrosarcoma of the soft part of the finger, 
the thesis of this paper. Fig. 1 indicates the locations of several tumors 
of the hand and foot and particularly one of the small toe. 2 But no- 
where was it possible to find in any available source of literature a 
tumor limited to and involving only the soft parts of the finger (Fig- 
2 ). 

This patient, a 66-year-old male, was referred to me because he had a large 
swelling on the middle finger of his right hand. The mass appeared foreboding, and 
a malignancy was suspected. A biopsy of a small section of the tumor revealed on 
microscopic examination (Fig. 3) a fibrogenic, fibrocellular sarcoma of moderately 
active malignancy, as ascertained by its abundant cellular components, numerous 
mitoses, and moderate eollagen fiber elements. The fusiform shape of the cells, 
varying in size and clusterings, characterized it as fibrogenic, rather than simple 
cellular spindle-cell sarcoma. 

The patient was advised of the prognosis and consented to an amputation of the 
finger at its metacarpal articulation. 

This particular tumor was a lobulated, well-encapsulated structure at the very 
tip of the middle finger of the right hand. It did not involve the bony parts of the 
finger, either by invasion or by pressure changes, as confirmed by x-ray examina- 
tion (Fig. 4). There was no evidence of infiltration into the surrounding soft 
tissues beyond the tumor capsule, in so far as the capsule was smooth and void of 
penetrating fascicles of tumor cells growing obliquely outward, a condition char- 
acteristic of extension. Furthermore, an enlarged epitrochlear gland removed at 
biopsy and studied under complete serial sectioning revealed only inflammatory 
changes and total absence of sarcoma or any apparent metastatic findings. 

The tumor was -t by I cm., only slightly tender, and painless except on accidental 
contact. It represented a growth of four years’ duration from the date of the 
original injury. 

This brings us to the second interesting feature of this ease. Ewing 1 
has reflected considerable doubt on the relationship of trauma as an 
initiating agent to the formation of a tumor. His six postulates are 
formidable barriers to hurdle. In this instance, however, they seem 
to he fulfilled. 


Kcccivc.i for publication. July 2C>. IS 10. 
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After eliminating the 3 fatal wises* with a mortality rate of 9.1 per 
cent, those remaining may he graded as follows: Seventeen patients, 
or 51.5 per cent, fall into the classification of good results at this time, 
and it must bo taken into consideration that a number of these eases are 
fairly recent. Eight patients, or 24.2 per cent, at this time may be 
classified as far results. It is very likely that at least one-half of these 
will be classified as good results within six months. Five patients, or 
15.1 per cent, have disappeared so that no information concerning their 
present status could be obtained. 

CONCLUSIONS 

Acute hematogenous osteomyelitis is a serious disease. Primarily 
we fear the loss of the patient and subsequently the prolonged illness 
with draining sinuses and disabling deformities. These may be due to 
the direct involvement of joints, fibrous changes in soft tissues with con- 
tractures, and directional changes due to disturbances of the epiphyses. 

The use of sulfanilamide and sulfathiazol is recommended, providing 
the type of infecting organism is known. The patient’s blood must be 
frequently examined and the clinician should be on the alert for other 
toxic manifestations of the drug. 

The mortality was greatest in Group I in which surgical drainage 
was performed within seven days after the onset of the illness. In 
Group II, the largest one, there were no deaths and it is believed that 
the infections were equally severe. In Group III, although a small one, 
there were no deaths. 

Drainage will be in order when all signs of dehydration have been 
overcome, when the location of the focus can be determined with some 
degree of certainty, and when there is reasonable evidence that pus is 
present. 

Come what may, the surgeon should not lose his balance and be 
stampeded into an inexpedient operation simply because he has a patient 
with septicemia who develops an abscess within the substance of bone. 
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ecchvmosis did not resorb after several months, the patient drilled a small hole 
through the nail with a penknife. A serosanguinous material exuded through the 
hole. A few days later, some varnish remover penetrated the nail bed through 
this hole and caused considerable distress. The mass, however, progressively en- 
larged, rapidly pushing the nail from its bed. The patient later removed the 
nail with his own fingers. The growth finally assumed the size and proportions 
noticed on his first visit to the doctor’s office. 






~ — -t" - 3 

vVvVI 




Fig. 3. — Fibrogenic flbrocellular sarcoma with numerous mitotic figures and moderate 

collagen fibers (X200). 




4. — Roentgen studies of tumor. 
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This patient is n well-nourished, active individual, who operates his own business 
as plasterer and interior decorator. While loading' debris from one of the buildings 
onto a truck, the tail gate was accidently closed on his finger. Immediately, con- 
siderable cccliymosis formed over the tip of the finger, especially under the nail. 
Several days later he noticed a small nodule developing under the nail. When the 
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THE BLOOD SUPPLY OF THE FIRST PART OF THE 
DUODENUM* 

"With Description of the Gastroduodenal Plexus 
Harry A. Wilmer, B.S., M.S., M.D., Minneapolis, Minn. 

(From the Departments of Pathology and Surgery, University of Minnesota 

Medical School ) 

T HE BLOOD supply of the duodenum, especially that of the ulcer- 
bearing portion, is of great surgical importance. Its investigation 
has apparently received very little study. The portions of the standard 
surgical and anatomical textbooks devoted to the description of the 
blood supply of the duodenum for the most part are repetitions of 
earlier inadequate studies. The pattern of the gross blood supply should 
be restudied. With this in mind we have injected arterial specimens 
of the newborn and adult duodenum and have noted the rich vascular 
network of arteries on the posterior wall of the duodenum. This we 
have chosen to call the gastroduodenal plexus. A perusal of the 
old anatomical atlases indicates that early anatomists were familiar 
with the large anastomoses present on the posterior wall of the duo- 
denum. Bougery in 1839 (Fig. 1) illustrated this plexus in a simplified 
manner. Poirier and Charpy in 1901 reproduced a similar drawing. 
The gastroduodenal plexus is worthy of fui'ther elaboration. 

Bleeding peptic ulcers are often situated on the posterior wall of the 
first part of the duodenum. A series of short anastomosing submucosal 
arteries make up a well-known plexus which, if it is eroded, may give 
rise to hemorrhage. Severe sudden hemorrhage, however, comes from 
larger vessels and may come from the gastroduodenal artery itself, usu- 
ally with disastrous results. Wangensteen feels that there is little like- 
lihood of arresting bleeding satisfactorily by vessel ligation. He, there- 
fore, has been performing gastric resection for massive hemorrhage from 
duodenal ulcer, excising the ulcer and closing the end of the duodenum 
as in the Billroth II type of resection. Bleeding from a duodenal ulcer 
is more frequent and usually more severe than bleeding from a gastric 
ulcer. Allen and Benedict in a study of 1,S04 patients with duodenal 
ulcer treated at Massachusetts General Hospital reported that 628, or 
approximately one-third, had gross bleeding. Of these 40.1 per cent 
had minor bleeding without secondary anemia and 31.9 per cent had 
severe enough bleeding to produce a marked secondary anemia. In 
their series over 3 per cent of all patients with gross hemorrhage even- 
tually died of hemorrhage. The mortality in sudden massive hemor- 
rhage w as 14.5 per cent regardless of treatment. Death rarely occurred 

Mwlic'ii'sciiooK 11 110111,1 a Cult3 Prize in Surgery. May. 1940. University of Minnesota 
Itcculvtti! for publication. October 23, 1940 . 
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Practically all the surveys on the subject emphasized the nontrau- 
matic origin of these tumors and the improbability that single trauma 
was capable of producing a malignant growth. True, a small per- 
centage of patients gave a history of accident associated with tumor 
formation; nevertheless, on sifting the information, no convincing evi- 
dence could be brought forth to show more than an indirect etiologic 
relationship. 

Here, however, is an authenticated ease of tumor formation follow- 
ing a single severe injury to a healthy organ. The growth corresponded 
to the injured area and occurred within a reasonable time after the 
date of the injury. The microscopic examination of a specimen of the 
tumor confirmed its malignant character.. 
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METHOD OF STUDY 

The eelloidal corrosion injection technique was readily available to 
me from previous studies. It is especially adaptable to this type of 
investigation. The developmental changes in the blood supply were 
studied by injecting two six-month fetuses, three newborn infants, one 
5-day-old infant, and 1 adult. 

The injections (Pig. 6) were all made in situ at post-mortem, a can- 
nula being tied securely in the lower portion of the thoracic aorta just 
above the diaphragm and a ligature tied around the hepatic artery at 
the porta hepatis and the abdominal aorta distal to the origin of the 
superior mesenteric artery. Thus, the stomach, small intestine, part 
of the large intestine, and spleen were injected. 

The eelloidal corrosion injection method has been well described in 
the literature by many men, among them Hinman, Mori son, Lee-Brown, 
Barker, and Pettigrew. The first step in injection involves the per- 
fusion of water through the aorta until the return flow from the vena 
cava is no longer blood tinged. After the vascular system has been 
washed out, a celloidin-aeetone-eamphor solution is injected under pres- 
sure. The acetone combines with the water and the eelloidin precipi- 
tates out to make a cast of the vessels. Camphor is added to make 
the final preparation less brittle and alkanin is used as a red dye. A 
3 per cent eelloidin solution is first injected under 400 mm. pressure 
to obtain a cast of the finer vessels; this is followed by a 10 per cent 
eelloidin solution under 300 nun. to obtain a cast of the larger vessels. 
In the adult the thin solution is injected under pressure for thirty 
minutes, and then the thick solution is injected and kept under a 
constant pressure for twenty-four hours. Since the vessels are so 
much smaller in newborn infants and fetuses, the thin solution is 
injected for only ten minutes and the thick solution for one hour. Dur- 
ing the entire injection the specimens are kept under cold running 
water. At the end of the prescribed time, the cast of the vessels is 
sufficiently set to allow corrosion. 

The adult stomach and viscera were injected with a thin solution in 
the post-mortem room ; they were then removed from the body and 
were injected with the thick solution in the laboratory. The newborn 
infants were easiest to inject since after one hour the posterior peri- 
toneum could he stripped from the body wall and the viscera simply 
removed en masse. Due to the difficulties in obtaining and injecting 
adult material, we were able to obtain only one satisfactory specimen 
though several attempts were made; often preliminary injections had 
been tried on the dog. 

The viscera to be corroded were placed in a bath of pure commercial 
hydrochloric acid and left there for twelve (newborn) or fortv-eight 
hours (adults). At the end of this time the tissues were sufficiently cor- 
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from licmorrliagc in patients under 50 years of age. Christopher writes 
that, if surgery is indicated, the operation of election is the exposure of 
the bleeding ulcer, the cutting off its blood supply by overlapping 
sutures about it, excision if feasible, and in some instances gastro- 
enterostomy at the discretion of the surgeon. 

More and more both gastroenterologists and surgeons are beginning 
to appreciate that conservative nonoperative management of massive 
hemorrhage carries a fairly high mortality, probably in the neighbor- 
hood of 10 per cent. 



, Photograph of the drawing- of the blood supply of the duodenum from 

anatomical atlas published in 1839. The superior and inferior pancreatico- 
Bourgery “ are shown to divide into two arcades and anastomoses between them 

duodenal ariei = haif. The anastomoses are not nearly as extensive or as numer- 
appear in rne _ ara tions show. Nevertheless, this is the earliest demonstration of 

such anastomoses that we have been able to find. 

w iP be seen from the following study that, while bleeding may come 
rosion of the submucosal plexus, sudden severe hemorrhage may 
from ei° another plexus of larger arteries behind the posterior wall 
come 1 °° odenunl _ This plexus is deeper (toward the retroduodenal 
of the uo ^ submucosal vessels, and the name -gastroduodenal 
tissues) than ^ sugges ted on reviewing the material of this study, 
plexus has he £ 01 . collateral blood flow, as observed in this 

The anatomic po ^ satis f ae t 0 ry hemostasis is not likely to be attained 
study, suggest tna le ligatures, when operating for bleeding 

by the placement or 
duodenal ulcer. 
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of the posterior wall of the first part of the duodenum. AA hen 
the supraduodenal artery of Wilkie arises from the gastroduodenal 
artery, it usually takes the form of a short trunk which, arising on a 
level with the upper border of the duodenum, soon ends by dividing 
into a spraylike formation, the branches for the most part arching 
over the front of the duodenum. AY. J. Alayo called attention to the 
anemic spot on the anterior surface of the duodenum in certain cases 
seen during operation when the pylorus and first part of the duodenum 



Fig. 3. — Drawing from the corrosion preparation of the arteries of the stomach 
and duodenum of a 5-day-old infant. The large arcade of the superior and inferior 
pancreaticoduodenal arteries is shown. In this case there is one main arcade. There 
is. however, a second anastomosis (As) between this arcade and the superior mesenteric 
artery and a third anastomosis (A*) to a branch of the superior mesenteric artery. 
The third anastomosis (Aj), moreover, unites in two places with the pancreaticoduo- 
denal arcade, with the inferior mesenteric artery as well as the gastroduodenal artery. 
This complex anastomosing network constitutes the gastroduodenal plexus. 


arc pulled down at operation. Wilkie found that this spot corresponded 
to the area supplied by the supraduodenal artery. AVilkie noted also 
that branches from the pyloric artery in about 50 per cent of the cases 
supply the first one-half inch of the upper border and the anterior and 
posterior walls. The recurrent branch from either the right gastro- 
epiploic or superior pancreaticoduodenal supplies the lower one-third 
of the anterior surface of the first inch of the duodenum. The retro- 
duodenal arteries arise from the trunk of the gastroduodenal artery and 
supply the lower one-third of the posterior surface. 
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rocled to be washed oft'. Tlie.v were washed under water with a thin stream 
ot water by means of a cannula and rubber tube connected to the faucet, 
l ie washing was carried out under a dissecting microscope, care being 
taken not to break tiie small vessel casts. 

The specimens were then placed in a solution of 2 per cent formalin, 
20 per cent glycerin, and distilled water. I then studied and dissected 
them under a binocular dissecting microscope by means of strong 
transillumination and drew them. Only the larger arteries and arterioles 
were injected at this pressure, but capillaries may be injected at a 
higher pressure. 


SHORT 



TTijr 2. — Drawing- from the corrosion preparation of flip . , , , . 

arteries' arise from 6 ??™ gastnocfuodenS” arter^ US The'*m^ superior 

fhrop superior pancreaticoduodenal arteries unite in a common vessel thf °i Hi? 

^ inferior pancreaticoduodenal arteries. To arrest hemorrhS fr^ e Iower ,°/, the 
Sondes (the surgeon not knowing- which the bleeding is coming from? °il G ° f t S ,e S 
arcades i lic-ate the gastroduodenal artery and the two inferior^ wou ^ be 
necessary t ff eDr i V ing the duodenum of its blood supply \ ^^ crea {* c oduodenal 
a Jiiin}acii would b P e to n p^ace overlapping sutures \™un!7A&lnTu& le surfficaI 
aP V. the rotation of the corrosion preparation the aorta i„ , . 

Due ^? st ‘n e ce approximately equal to its width. 13 di splaced to the 


BLOOD SUPPLY OF THE DUODENUM 

The Supraduodenal Artery. Wilkie described the supraduodenal 
r which usually arises from the gastroduodenal artery but which 
•wise from the hepatic artery or others. It supplies the u ppei . 
ma> l nf the anterior wall and the upper one-third to two-thirds 

two-thirds 01 
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pancreatic vessels into two arcades, but usually there are actually two 
separate arcades, each arising from the gastroduodenal and supeiioi 
mesenteric arteries respectively. In this particular specimen there was 
a third superior pancreaticoduodenal artery arising from the gastroduo- 
denal artery which united with the second inferior pancreaticoduodenal 
artery. In Fig. 3 (5-day-old infant) there is one large pancreatico- 
duodenal arcade, but there are numerous anastomoses between this 
large arcade and several small arcades. This anastomosing plexus 
constitutes the gastroduodenal plexus. Large arteries of approximately 
the same caliber as the pancreaticoduodenal artery form this plexus 



Fig. 5. — Drawing of the arteries of the posterior wall of the first part of the 
duodenum of a newborn infant The arching vessels around and above the duodenum 
have been cut off with fine scissors under the dissecting microscope. This picture 

shows the gastroduodenal plexus In detail. There are two superior and two inferior 

pancreaticoduodenal arteries. These vessels are united across the posterior wall of 
the duodenum in at least six places and these six anastomoses are united among 
themselves in at least a dozen major points. The vessels are large in most instances 
and the futility of trying to ligate vessels for bleeding ulcer is readily seen. In order 
to arrest bleeding from an arbitrary point marked B on the drawing it would be 

necessary to ligate no less than nine vessels which extend all along the first part of 

the duodenum. With even the greatest amount of skill and luck it would be futile 
to consider the desirability of such a procedure. 


and run for relatively long distances posterior to the duodenum. 
Erosion of any of these anastomosing vessels would be almost as severe 
as erosion of the pancreaticoduodenal artery. Fig. 4 (adult) shows the 
gastroduodenal plexus best. Here there are two large arcades of pan- 
creaticoduodenal arteries, one on each side of the duodenum, and 
between them are seen large anastomosing vessels, which are united by 
smaller anastomosing vessels (the gastroduodenal plexus). The vessel 
coming off of the terminal portion of the gastroduodenal artery and 
dividing like a spray may he the supraduodenal artery, hut, since the 
duodenum was brought up above the stomach and turned to show the 
gastroduodenal plexus, the relations at the pylorus were lost. It is 
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The Pancreaticoduodenal Arteries .— Except for this first one and 
one-hall inches (lie duodenuni receives all its blood supply from the 
pancreaticoduodenal arteries. The superior and inferior pancreatico- 
duodenal arteries divide into two branches, forming two arcades which 
send off vessels to the duodenum which tend to encircle the bowel. 


DUODENUM 


PANCREATICO- Gastroouodcnal A 

Duodenal A. / left gastric A* 


SPLENIC A. 


, LEFT GASTRO- 

JN EPIPLOIC A. 



PANCREATIC 

VESSEL'S 


J//& 7VMM 7ff S/MtV 


RIGHT 

GASTROEPIPLOIC A. 


Fig-. 4. — Drawing from the corrosion preparation of the arteries of the stomach, 
first part of the duodenum, and the pancreas in an adult. The gastroduodenal artery 
gives rise to the superior pancreaticoduodenal artery which unites with one of the 
branches (AO of the inferior pancreaticoduodenal artery. A second large branch of 
the gastroduodenal artery forms the superior branch of (A 2 ) a second pancreaticoduo- 
denal arcade by uniting with a branch (As) of the inferior pancreaticoduodenal artery. 
The gastroduodenal artery is further united with the inferior pancreaticoduodenal 
artery by an anastomosis (As). Smaller connections between the various branches of 
the gastroduodenal artery are seen (Ac). Numerous fairly large vessels (shaded 
darkly) will be seen uniting all of these arcades and anastomosis. These arcades 
and anastomoses on the posterior wall of the duodenum constitute the gastroduodenal 
plexus. Due to the fact that the duodenum was brought above the stomach and turned 
to show the plexus, there is some question as to whether Ai represents the supraduo- 
denal artery or not. 


They soon pierce the muscular coats and form a submucosal plexus of 
anastomosing vessels which are short and relatively of the same length 
and caliber. 

The Gastroduodenal Plexus . — Quite aside from these short anas- 
tomosing vessels forming the submucosal plexus, there is another plexus 
of very large vessels which we have been able to identify in our prep- 
arations. Fig. 2 shows a drawing of the vessels of the 6-month-old 
fetus. There may be a simple branching of the superior and inferior 
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pancreatic vessels into two arcades, but usually there are actually two 
separate arcades, each arising from the gastroduodenal and supeikn 
mesenteric arteries respectively. In this particular specimen there was 
a third superior pancreaticoduodenal artery arising from the gastroduo- 
denal artery which united with the second inferior pancreaticoduodenal 
artery. In Fig. 3 (o-day-old infant) there is one large pancreatico- 
duodenal arcade, but there are numerous anastomoses between this 
large arcade and several small arcades. This anastomosing plexus 
constitutes the gastroduodenal plexus. Large arteries of approximately 
the same caliber as the pancreaticoduodenal artery form this plexus 



Fig. 5. — Drawing of the arteries of the posterior wall of the first part of the 
duodenum of a newborn infant. The arching vessels around and above the duodenum 
have been, cut off with fine scissors under the dissecting microscope. This picture 
shows the gastroduodenal plexus in detail. There are two superior and two inferior 
pancreaticoduodenal arteries. These vessels are united across the posterior wall of 
the duodenum in at least six places and these six anastomoses are united among 
themselves in at least a dozen major points. The vessels are large in most instances 
and the futility of trying to ligate vessels for bleeding ulcer is readily seen. In order 
to arrest bleeding from an arbitrary point marked B on the drawing it would be 
necessary to ligate no less than nine vessels which extend all along the first part of 
the duodenum. "With even the greatest amount of skill and luck it would be futile 
to consider the desirability of such a procedure. 


and run for relatively long distances posterior to the duodenum. 
Erosion of any of these anastomosing vessels would be almost as severe 
as erosion of the pancreaticoduodenal artery. Fig. 4 (adult) shows the 
gastroduodenal plexus best. Here there are two large arcades of pan- 
creaticoduodenal arteries, one on each side of the duodenum, and 
between them are seen large anastomosing vessels, which are united by 
smaller anastomosing vessels (the gastroduodenal plexus). The vessel 
coming off of the terminal portion of the gastroduodenal artery and 
dividing like a spray may be the supraduodenal artery, but, since the 
duodenum was brought up above the stomach and turned to show the 
gastroduodenal plexus, the relations at the pylorus were lost. It is 
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to be remembered that the drawings were made from casts and that 
all the tissue of the stomach and duodenum was corroded away. 
Small branches from the gastroduodenal plexus supply the posterior 
wall of tlie first part of the duodenum. 

Pig. 5 shows in detail the arrangement of the gastroduodenal plexus. 
The small vessels and the vessels arching around the walls of the 
duodenum have been dissected off with fine scissors, so that only the 
vessels of the posterior wall of the duodenum are shown. 

It is certain that variations are the rule in vascular anatomy and 
that the vessels to the duodenum are not constant and represent only 
a relatively constant pattern of pancreaticoduodenal arcades and 
anastomoses. All anastomoses and gastroduodenal plexuses vary in 
pattern, but it is certain that their presence has been clearly demon- 
strated. The gastroduodenal plexus is made up of vessels which begin 
and end in large vessels and, though their branches may be terminal, 
they are not. 



CONCLUSIONS 


t important point in the understanding of the blood supply 
The mos ^ - s i{g var i a tions in pattern, at least of the larger 
0 f the duo e ^ ^ usua Uy two pancreaticoduodenal arcades. Uniting 
vessels. There ^ anastomosing vessels running for a relatively 

these arcades » pOS tei'omedial wall; they, in turn, are united by smaller 
long course on t 1 anas toinosing vessels constitute the gastroduo- 

anastoroosing vesse 
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denal plexus. It is not the same as the submucosal plexus of smaller, 
shorter vessels which on the posterior wall arise from branches of the 
gastroduodenal plexus. Erosion of one of these large posterior vessels of 
the plexus probably causes sudden severe hemorrhage, as compared to the 
constant slow hemorrhage due to erosion of the submucosal vessels. 

The complexity of the gastroduodenal plexus suggests that it is 
unlikely that vessel ligation will suffice to control bleeding in massive 
hemorrhage from a posterior wall duodenal ulcer. 

I am indebted to Dr. Owen H. Wangensteen for the suggestion of this study, to 
Dr. E. T. Bell for the opportunity to execute it, and to Dr. R. E. Scammon for ana- 
tomical criticisms. I am also grateful for the helpful cooperation of Dr. Harriet 
Mitchell and Dr. Carl Lind in obtaining post-mortem material, and to Lawrence Benson 
for artistic assistance in drawing Fig. 4. 
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of his patients had persistence of symptoms. Sullich reported that 70 
per cent of his patients were not cured by perforation. 

The experience at the San Francisco Hospital, a large city hospital, 
would seem to agree with a high incidence of persistence of symptoms. 
Since there is no out-patient department except for immediate post- 
operative care, no accurate estimate can be made. That a group of 
patients of the type treated in a large city hospital might be expected 
to have a higher incidence of persistence of symptoms is obvious. None 
of the patients reported in this small series followed their dietary regi- 
men for more than a short time. In fact, the perforation usually oc- 
curred followed a dietaiy indiscretion, usually alcoholic. 

From January, 1935, to June, 1940, there have been 12 eases of reper- 
foration of peptic ulcers at the San Francisco Hospital. During this 
time there have been 300 perforations repaired. Rhodes and Collins, 9 
reporting on 155 consecutive perforations from this hospital up to 1933, 
found a mortality rate of 25 per cent. They observed that, if those 
patients reporting to the emergency service later than ten hours after 
perforation were excluded, for 117 operations the mortality was 13 per 
cent. In the past five years the mortality rate on all operated eases of 
perforated uleer has fallen to 15 per cent. This improvement in a large 
part seems due to the increased efficiency of the emergency hospital serv- 
ice permitting prompter operation. 

The type of surgical therapy to be instituted is a matter of debate. 
Most surgeons believe that for the initial perforation simple closure with 
reinforcement with omentum is the simplest and safest procedure. If 
there is a high degree of pyloric obstruction, a gastroenterostomy’- may 
be necessary'. There are those who advocate a primary gastric resection 
if the patient is operated upon early' enough after the perforation and 
is in good enough condition. Judin 10 reported a mortality' rate of only' 
12.8 per cent in 426 primary resections. 

A posterior gastroenterostomy' was performed in only' one patient in 
this group. This operation was performed following his third perfora- 
tion (Case 8). He remained sy'mptom free for ten yrnars before his 
disease recurred. Most of the cases in the literature have gone through 
the sequence of repeated perforations with simple closure, then gas- 
troenterostomy', finally' gastric resection. The gastroenterostomy' did 
nothing to prevent the reperforation. In fact it simply' made the even- 
tual resection more difficult, due to the development of marginal ulcera- 
tion. The interesting cases of Davenport, 11 Butler, 12 and Lysaght and 
Wilkans 13 illustrate this point. Finsterer 14 states that, in the presence 
of a perforation of a chronic ulcer which has simply' been closed due to 
the condition of the patient, he advises the patient to return in three 
months for a gastric resection whether he is symptom free or not. 
He regards a gastroenterostomy as an operation to be performed in un- 
usual instances. 



090 


SURGERY 


It would seem wiser then, when faced with the choice of operation 
in a patient with repeated perforation, cither .simply to close the ulcer, 
or, if the patient’s condition warrants, to perform a gastric resection. 
If the patient’s condition is had, or if several hours have elapsed since 
the perforation, it might be wiser to do a simple closure, followed by 
a gastric resection after recovery from the operation. Unless a high 
degree of pyloric stenosis is present, a gastroenterostomy should not be 
done. 

Twelve cases of repeated perforations of peptic ulcers are reported. 


CASK REPORTS 


Case 1. — (D139133.) A 34-year-old American laboring man entered the hospital 
on Nov. 16, 1935, with a three-hour story of sudden onset of acute epigastric pam 
which rapidly became generalized. Six years before the patient had had a similar 
attack. At that time a perforated ulcer at the pylorus was found and closed at 
St. Luke’s Hospital in San Francisco. Following Ids first operation he remained 
on a diet for two months. He was symptom free for two years. Then he began 
to have eructations of gas and fleeting epigastric pains. 

On entry he was found to have generalized abdominal tenderness with upper 
abdominal rigidity and spasm. W.B.C., 14,100; urine, negative. A flat abdominal 
x-ray showed gas under the diaphragm. 

At operation cloudy, bile-stained fluid was found in the abdomen. An acute 
ulcer was found just on the gastric side of the pylorus on its anterior surface. N° 
adhesions were .described in the operative note. The ulcer was closed with interrupted 
stitches, and tags of omentum were sewed over it. 

The postoperative course was uneventful. 


Case 2. — (D13112S.) A 36-year-old American laborer entered the hospital on 
Aug. 20, 1933, ten hours after the onset of severe abdominal pain. Five years be- 
fore the patient had had a similar attack which cleared up spontaneously in a few 
weeks. Six weeks before entry lie began to have epigastric pains occurring a few 
hours after meals. These were relieved by soda and vomiting. The day before 
entry the patient had had “a few drinks.” 

On entry he was found to have a rigid, tender abdomen. W.B.C., 22,000; urine, 
three-plus sugar and trace of acetone. A flat x-ray of the abdomen showed no free 


^nder spinal anesthesia the abdomen was opened and a perforated duodenal 
found which was covered with omentum. A second ulcer crater was noted 

U Ce , „„ 0 (-„ r ior wall of the stomach. The ulcer was closed with interrupted stitches 
on tne I ,u:: . 

„nrl the omentum sewed over it. 

a tient re-entered the hospital Aug. 14, 1934, with a similar attack of pain 

T l P!l rs’ duration. His symptoms had completely returned three months before 
of five iou ^ AV.B.C., 20,000; urine again showed sugar and a trace of acetone, 
the secon e cent. A flat abdominal x-ray showed free gas under the 
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attack of severe right upper quadrant pain associated with nausea and vomiting. 
Further questioning showed that he had had similar attacks in the past. Examina- 
tion showed upper abdominal tenderness and spasm. A fiat abdominal x-ray showed 
free gas under the diaphragm. 

Under spinal anesthesia the abdomen was opened and a 5 nun. perforation found 
in the duodenum on its anterior aspect. The ulcer was excised and closed and 
omentum sewed over the area. 

The patient re-entered June 7, 1940, with sudden severe pain which caused him 
to collapse five hours before entry. He had not been on a diet and had been having 
“ stomach trouble* * since a few months after Iris first abdominal operation. Exam- 
ination again revealed signs of peritonitis. A flat abdominal x-ray showed free 
gas under the diaphragm. W.B.C., 16,000; urine, negative. 

At operation the same ulcer was found to have reperforated. A simple closure 
of the ulcer was done. 

Case 4. — (D170332.) A 39-year-old laborer entered with a story of severe ab- 
dominal pain nine hours before entry, followed by nausea and vomiting. He had 
had “stomach trouble” for four years. Examination showed signs of peritonitis. 
W.B.C., 15,640 ; urine, negative. An x-ray of the abdomen showed free gas. At 
operation an ulcer on the anterior surface of the pylorus was found and closed. 

Fifteen months later the patient re-entered for treatment of a urethral abscess. 
At this time he was having all his old symptoms again, especially after a drinking 
bout. 

Two months later he again re-entered with severe abdominal pain of two hours' 
duration. Examination showed signs of peritonitis. W.B.C., 16,000; urine contained 
sugar and acetone. An abdominal x-ray showed free gas under the diaphragms. 

Postoperatively the patient developed delirium tremens. On the third day he 
became eviscerated after getting out of bed. He died two days later. 

Case 5. — (1)125196.) A 27-year-old laborer entered Feb. 4, 1933, with a twelve- 
hour history of generalized abdominal pains radiating to the right shoulder asso- 
ciated with nausea and vomiting. The patient had had two similar bouts of pain 
in the past. In one of these attacks his appendix had been removed at another 
hospital. On examination he had spasm and tenderness in the upper abdomen. A 
flat x-ray of the abdomen showed free gas under the left diaphragm. The patient 
refused surgery as he fell he was improving. 

The localized peritonitis gradually subsided. A gastrointestinal series showed a 
duodenal ulcer. 

He re-entered Nov. 28, 1936, with a similar attack of live hours’ duration. His 
vague symptoms had begun again three months before entry. Examination again 
showed free gas under the diaphragm along with the clinical picture of a general 
peritonitis. W.B.C., 13,000; urine, negative. 

At operation many old and new adhesions were found between the pylorus and 
undersurface of the liver. The pylorus was scarred. A perforation was found on 
the anterior surface of the duodenum. It was a large ulcer and there was a kissing 
ulcer on the posterior surface of the duodenum. The ulcer was split and the defect 
closed transversely. 

The patient again re-entered with a recurrence of symptoms on Dec. 10, 1937. 
On a strict dietary regimen the symptoms improved. 

Case 6. (D10G526.) A 49-year-old American butcher entered May 27, 1936, 

with a ten-hour history of sudden onset of severe abdominal pain associated with 
nausea and vomiting. The patient had had two previous entries for renal stones, 
for which he eventually had a nephrectomy. Examination revealed signs of a 
generalized peritoneal irritation. Air was seen under both diaphragms in the x-ray. 
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It would seem wiser then, when faced with the choice of operation 
in a patient with repeated perforation, either simply to close the ulcer, 
or, if the patient’s condition warrants, to perform a gastric resection. 
If the patient’s condition is bad, or if several hours have elapsed since 
the perforation, it might be wiser to do a simple closure, followed by 
a gastric resection after recovery from the operation. Unless a high 
degree of pyloric stenosis is present, a gastroenterostomy should not be 
done. 

Twelve cases of repeated perforations of peptic ulcers are reported. 


CASE REPORTS 


Case 1. — (D159133.) A 34-year-old American laboring man entered the hospital 
on Nov. 1C, 1935, with a three-hour story of sudden onset of acute epigastric pain 
which rapidly became generalized. Six years before the patient had had a similar 
attack. At that timo a perforated ulcer at the pylorus was found and closed at 
St. Luke 's Hospital in San Francisco. Following his first operation he remained 
on a diet for two months. He was symptom free for two years. Then lie began 
to have eructations of gas and fleeting epigastric pains. 

On entry lie was found to have generalized abdominal tenderness with upper 
abdominal rigidity and spasm. W.B.C., 14,100; urine, negative. A flat abdominal 
x-ray showed gas under the diaphragm. 

At operation cloudy, bile-stained fluid was found in the abdomen. An acute 
ulcer was found just on the gastric side of the pylorus on its anterior surface. No 
adhesions were described in the operative note. The ulcer was closed with interrupted 
stitches, and tags of omentum were sewed over it. 

The postoperative course was uneventful. 


Case 2. — (D13112S.) A 30-year-old American laborer entered the hospital on 
Aug. 20, 1933, ten hours after the onset of severe abdominal pain. Five years be- 
fore the patient had had a similar attack which cleared up spontaneously in a few 
weeks. Six weeks before entry lie began to have epigastric pains occurring a few 
hours after meals. These were relieved by soda and vomiting. The day before 
entry the patient had had “a few drinks.” 

On entry he was found to have a rigid, tender abdomen. W.B.C., 22,000; urine, 
three-plus sugar and trace of acetone. A flat x-ray of the abdomen showed no free 


The patient 
of five hours’ dur 


gas. 

Under spinal anesthesia the abdomen was opened and a perforated duodenal 
1 found which was covered with omentum. A second ulcer crater was noted 
the posterior wall of the stomach. The ulcer was closed with interrupted stitches 
nnd the omentum sewed over it. 

cU e-entered the hospital Aug. 14, 1934, with a similar attack of pain 

ration. His symptoms had completely returned three months before 
, W.B.C., 20,000; urine again showed sugar and a trace of acetone, 

the secom en y- cen t. A flat abdominal x-ray showed free gas under the 

Blood sugar, 1H “fe- 2 

diaphragm. operation a perforation was found on the anterior surface of the 

At the seconc I tJje 0 ]d operative site. The ulcer was again closed and 

duodenum just P"™ 

covered with a thir a time Feb. 15, 1935, with a recurrence of his 

The patient rA 011 ^^ ^ wag re jj evc <l on a rigid medical regimen. 


symptoms. 


At this 


Case 3, 


for the treatment 


, os-year-old Chinese house boy was in the surgical ward 
. — -(U105093.) - j left femur. On April 4, 195G, ho had an 

. of ostcomjcnus la 



COHN : REPEATED PERFORATIONS OF PEPTIC ULCERS 693 

and lie was gradually losing ground because of constant vomiting. A gastrointestinal 
series showed a duodenal niche but no gastric retention. A gastrie resection was 
advised. 

At operation many adhesions were found. There was a large mass in the region 
of the duodenum. When freed, the duodenum was seen to be completely' transected 
except for the mucous membrane on the posterior wall. The two ends opened into 
an abscess cavity the size of a fist. 

A wide gastric resection was done with a posterior Polya anastomosis. At first 
the patient did well. After the stomach tube was removed, he had difficulty in 
swallowing. Barium demonstrated spasm at the junction of the middle and distal 
thirds of the esophagus. This seemed to improve with belladonna and the patient 
was discharged on a strict diet. 

He was brought in June 21, 1910, in extremis from starvation. At autopsy a 
large shallow ulcer of the esophagus was found at the site of the spasm. The stomach 
had healed well. 

Case 11. — (D219703.) A 56-year-old white male WPA worker entered Jan. 2, 
1939, with a complaint of dull epigastric pain of eighteen months’ duration. The 
onset had been rather sudden with a bout of fainting followed by passage of several 
laTge black stools. Since then he would have bouts of pain lasting four to five 
days and then be relatively free of symptoms. About two weeks before entry he 
began vomiting daily. He had lost 15 pounds in weight. On entry his physical 
examination revealed nothing. R.B.C., 5,130,000. NTo blood present in the stool. 
A gastrointestinal series showed a duodenal ulcer. He was placed on the Sippy 
regimen. 

He re-entered six months later. He had not been improved by his diet and a 
repeated gastrointestinal series showed no change in the size of the ulcer. He was 
again discharged. 

On Sept. 16, 1939, two hours before entry the patient had been seized with a 
severe epigastric pain radiating throughout the abdomen. Examination showed a 
boardlike abdomen. W.B.C., 9,200. A flat abdominal x-ray showed free gas under 
the diaphragm. 

At operation a perforated anterior duodenal ulcer was found. This was closed 
with interrupted inverting sutures and reinforced with omentum. He recovered 
uneventfully from the operation and was again discharged on a dietary regimen. 

Feb. 24, 1940, he again re-entered with severe abdominal pain of four hours’ 
duration. He had only been “fairly well” since his last entry, even though he 
had stayed on his diet. 

Examination revealed signs of peritonitis. Urine, negative; 'W.B.C., 13,200. 
X-ray showed free gas under the diaphragm. 

At operation a perforation was found adjacent to the site of the previous per- 
foration. This previous perforation was identified by the scarring in the duodenum. 
The perforation was closed with interrupted stitches and reinforced with omentum. 
Tlie patient recovered uneventfully. 

Case 12.— (D2119S3.) A man, 54 years of age, entered Aug. 20, 1939, because 
of abdominal pain of seven hours’ duration. For two to three years he had been 
having vague epigastric pains relieved by food and soda. The pains became quite 
strong and constant about three days before entry and he vomited several times. 

Examination showed tenderness and spasm in the upper abdomen. W.B.C., 20,000 ; 
urine, negative; few R.B.C. ca.-ts. No free air was seen on the flat abdominal x-ray. 

At operation an ulcer was found to have perforated on the gastrie side of the 
pylorus an/1 to have been sealed off with omentum. It was closed with interrupted 
stitches and reinforced with omentum. His postoperative course was uneventful. 

On Feb. 13, 1940, the patient re-entered. He had been asymptomatic even 
though he had not been on a diet since his last operation. However, three days 



692 


SURGERY 


At operation a perforation was found on the anterior wall of the duodenum. 
This was sutured transversely and closed. 

'flic patient re-entered Jan. 211, 10117, with a similar history of seven hours’ dura- 
tion. He had been symptom free while on his diet, but he had stopped the diet 
three months after his discharge from the hospital. All his symptoms had then 
returned. Examination again allowed signs of peritonitis. The x-ray revealed free 
air under the diaphragms. At operation the same ulcer had reperforated. There 
were a few old adhesions present. The edges of the ulcer were excised and the 
ulcer was closed. Omentum was sutured over it. 


Case 7. — (D149153.) A 20-year-old laborer entered Jan. 21, 1935, with a seven- 
hour history of sudden severe epigastric pain. Seven to eight months before entry 
he had begun to have vague epigastric distress associated with eating and relieved 
by soda. Three days before entry the pain became much worse. Examination 
showed generalized spasm and tenderness. W.B.C., 11,000; urine, negative. 

At operation a perforation of a gastric ulcer near the pylorus on the greater 
curvature was found. This was closed with mattress stitches. 

The patient re-entered Feb. 19, 193S. He had been symptom free for six months 
following the operation. Then his discomfort returned. Two hours before entry 
he had another sudden very severe abdominal pain. In. spite of signs of generalized 
peritonitis his W.B.C. was again low, 7,S00 and no air was seen by x-ray. 

At operation a large amount of stomach contents was found in the free peritoneal 
cavity. A perforation was found on the anterior surface of the duodenum just 
at the pylorus. There were firm omental adhesions in the region of the ulcer. Ap- 
parently the previous ulcer had been just above the present ulcer. No kissing ulcers 
were seen. The ulcer was closed and an omental tab sewed over it. 


Case S. — (DGS2G9.) A 47-year-old American laborer entered March 5, 192S, 
with a complaint of abdominal pains of three days’ duration. He had been well 
up to the time the pains began. Just before entry the pain became especially 
severe. He had vomited three times. On entry he was found to have signs of 
generalized peritonitis. W.B.C. 25,000; urine, negative. 

At operation a perforation was found on the lesser curvature of the stomach 
near the pylorus. The perforation was covered with fibrin. It was inverted with 
a pursestring stitch and omentum sewed over the site. 

The patient re-entered Oct. 25, 192S, stating that he had been symptom free 
until one hour before entry. At that time he had a very severe epigastric pain. 
He had signs of a local peritonitis. W.B.C. 29,000 ; urine, negative. 

At operation very little fluid was found. The perforation was obscured by adhe- 
tmarently following the first operation. It seemed as if the same ulcer 
sions, The ulcer was 2 cm. in diameter. It was again simply closed, 
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EXPERIMENTAL STUDIES ON ALIMENTARY AZOTEMIA 

I. Bole of Blood Absorption From the Gastrointestinal Tract* 
C. Frank CJhunn, M.D., and Henry N. Harkins, M.D., Detroit, Mich. 

(From the Division of General Surgery, Henry Ford Hospital) 

S INCE the report by Sanguinetti, 1 in 1934, of azotemia occurring in 
nine cases of peptic ulcer hemorrhage, several papers have ap- 
peared and several theories have been advanced in explanation of this 
syndrome. 

The present studies were made (1) to show that such azotemia can 
occur in experimental animals and (2) to attempt to explain the 
mechanism of the syndrome. This latter point is of especial importance 
from the practical standpoint because in some cases the azotemia has 
been offered as evidence for such disturbed liver and renal function 
that operation has been deemed contraindicated. If, on the other hand, 
the phenomenon is merely due to absorption of lost blood or some other 
simple mechanism, it should not be a contraindication to operation. 


REVIEW OF LITERATURE 

In nine cases of hemorrhage from gastric and duodenal ulcers, San- 
guinetti, 1 as stated above, observed increased blood urea values. These 
were caused, he assumed, partly by an increased destruction of protein 
in the body and partly by the resorption of the large cpiantities of blood 
accumulated in the intestines. In keeping with this view he succeeded 
in a few experimental eases in obtaining increased blood urea values 
subsequent to oral administration of blood in normal human beings and 
in guinea pigs. It is of interest that his experimental rises were much 
smaller than his observed clinical ones. This can partly he explained 
by the fact that he took readings only every twenty-four hours and thus 
undoubtedly missed the peak of the rise in his experiments. He stated: 
‘'El aumento de la urea sangiunea se debe en estos caso a la absorcion 
intestinal de considerable cantidad de proteinas” (“the augmentation of 
the blood urea was due in our cases to the intestinal absorption of a 
considerable quantity of protein”) and also to augmentation of general 
metabolism and to chloropenia. 

In 1935 Christiansen 2 described two cases of uremia following gastric 
hemorrhage and thought the condition arose from toxic action of the 
blood in the intestinal canal. Christiansen concluded that, while a few 
of the late deaths following bleeding ulcer are due to such complica- 
tions as peritonitis in a majority of cases from perforation, embolism, 
pneumonia, etc., the fatal outcome results from what he called “ ex- 
haustio virium.” 


tvYAATl 1 ?,”. fT? k! 1 ''’ 13 submitted by C. Frank Chunn to the Graduate School of 
Sister of Science ta sifscri" ParUal ° f the requirements for the degree of 

Received for publication, August 27, 1310. 
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before entry ho begun to vomit. Four hours before entry he had a severe epigastric 
pain which had been constant up to the time of entry. He was found to have a 
boardliko abdomen. W.B.C., 28,500. Again no gas was seen by x-ray. 

At operation only a few adhesions were present. An ulcer on the gastric side 
of the pylorus, apparently the same ulcer, had perforated. The pylorus appeared 
markedly stenosed. A gastric resection with a posterior Polya anastomosis was done. 
The patient recovered and was discharged March 9, 1940. 

When last seen on April 13, 1940, lie had no complaints. 


SUMMARY 

1. In this series repeated perforations of peptic ulcers have occurred 
in 4 per cent of 300 patients operated upon for perforated peptic ulcer. 

2. A radical gastric resection may offer these patients the best prog- 
nosis. 
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cially likely since these latter were increased due to toxic destruction 
of proteins and because of dehydration. 

Glass® in 1932 produced hypoehloremia in dogs, at the same time pre- 
venting dehydration and starvation. These studies revealed no notable 
increase of nonprotein nitrogen content of the blood except immediately 
before death, although the loss of chlorides proceeded rapidly to one- 
half the normal chloride level. Glass also found that when the loss of 
chloride was 30 per cent or more the urine and stools contained more 
nitrogen than was present in the ingested food. From this he con- 
cluded that chloride deprivation eauses destruction of protein, but by 
adequate diuresis all of the waste nitrogen is excreted. However, in 
about twenty days the urinary volume of his animals diminished, the 
nonprotein nitrogen content of the blood increased rapidly and the 
dogs died. Glass assumed that the marked decrease of electrolytes must 
have led to this diminished diuresis as there was no dehydration at all 
in these experiments. By giving large amounts of sodium chloride he 
could combat the uremia. 

Sucie 7 in 1935 reported elevation of the urea content of the blood in 
6 of 7 patients with hematemesis and melena. Five of these had duo- 
denal ulcer, 1 a gastric ulcer, and 1 cirrhosis of the liver. In investi- 
gating this, he fed 500 and 1,000 Gm. of calves’ blood respectively to 
2 patients and found no increase in the blood urea content one and two 
days later. He also observed no increase of blood urea in 5 patients 
with hemoptysis, not any in 2 patients starved for three days, and none 
in a professional donor after the withdrawal of 600 c.c. of blood. He 
stated that the condition is not due to dehydration, because it can de- 
velop in the presence of adequate fluid intake. 

Sehiff and Stevens 8 in 1939 in a report of 7 cases of hemorrhage into 
the gastrointestinal tract in which death followed determined the blood 
urea nitrogen values within the first three days of the hemorrhage. In 
4 cases values for blood urea nitrogen were 50 to about 105 mg. per cent ; 
“in all of these there was repeated hemorrhage, and varying amounts 
of blood were found in the gastrointestinal tract in the three in which 
autopsy was done.” In the fifth case, also with “repeated hemorrhage,” 
the blood urea nitrogen decreased from about 42 to about 33 mg. per 
cent. In the sixth case in which bleeding was due to an aortic aneurysm 
which had ruptured into the esophagus followed by profuse hematemesis, 
the blood urea nitrogen remained in the vicinity of 16 to 17 mg. per 
cent until death. It is interesting to note that in this case “there was 
practically no old blood in the intestinal tract.” This tends to con- 
firm the theory that the prerequisite for the development of azotemia 
is the presence of blood in the intestinal tract. In Sehiff ’s seventh ease, 
in which bleeding had preceded admission to the hospital and none oc- 
curred during hospitalization, the blood urea nitrogen advanced from 
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On the basis of his observations he postulated that: “This so-called 
‘ cxhaustio virium ’ covers actually a condition of extrarenal hyper- 
azotacmia, which may be preceded and accompanied by achloruria, and 
that this condition may be treated successfully by administration of 
sodium chloride. . . . The theory is advanced that in these cases the 
hyerazotaemia is a symptom of an intoxication arising from absorption 
of toxic substances that are formed by bacterial decomposition of the 
blood stagnating in the intestinal canal, and that this intoxication is 
further aggravated by demineralization from excessive flushing of the 
organism by water.” 

Meyler 3 opposed this theory and experimenting with guinea pigs 
found dehydration an important factor after bleeding the pigs 8 to 13 
c.c. of blood every two daj's for several days with a resultant state of 
“uremia” within four or five days. The sodium chloride concentration 
of the blood in all eases was at a normal level or slightly increased. If, 
however, he gave 50 c.c. of saline solution daily to the guinea pigs, the 
diuresis increased and a maximum negative nitrogen balance was pres- 
ent. The animals survived and did not show an increase of blood urea 
concentration. 

Meyler stated that starvation also plays a role similar to dehydration 
in the development of extrarenal uremia, for in starvation the body 
lives on its own substance. As proof of this, he starved a guinea pig 
for three days but gave 20 c.c. of saline solution subcutaneously daily. 
This resulted in an increase in hemoglobin from SS to 113 per cent and 
in blood urea from 40 to 130 mg. per cent. It would seem that the above 
experiment would indicate dehydration and associated blood concentra- 
tion as the primary factor, with starvation playing a more minor role. 

In 1936 Alsted 4 reported 26 cases suffering from hematemesis and 
melena originating from gastric or duodenal ulcer, esophageal varices, 
and carcinoma of the gastrointestinal tract. He found blood urea values 
of 50 mg. per cent and above in 13 of the 26 patients ; 9 showed a high- 
est value between 39 and 50 mg. per cent ; in 4 patients only did he ob- 
serve blood urea values below 39 mg. per cent. The renal function was 
determined in 4 patients with increased blood urea and no reduction 
f kidney function was found. ITe, therefore, assumed that the increase 
0 A i n these eases was caused by resorption of blood in the 

totSne ®d‘by of U» toes. 
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eially lik ely since these latter were increased due to toxic destruction 
of proteins and because of dehydration. 

Glass 6 in 1932 produced hypochloremia in dogs, at the same time pre- 
venting dehydration and starvation. These studies revealed no notable 
increase of nonprotein nitrogen content of the blood except immediately 
before death, although the loss of chlorides proceeded rapidly to one- 
half the normal chloride level. Glass also found that when the loss of 
chloride was 30 per cent or more the urine and stools contained more 
nitrogen than was present in the ingested food. From this he con- 
cluded that chloride deprivation causes destruction of protein, but by 
adequate diuresis all of the waste nitrogen is excreted. However, in 
about twenty days the urinary volume of his animals diminished, the 
nonprotein nitrogen content of the blood increased rapidly and the 
dogs died. Glass assumed that the marked decrease of electrolytes must 
have led to this diminished diuresis as there was no dehydration at all 
in these experiments. By giving large amounts of sodium chloride he 
could combat the uremia. 

Sucic 7 in 1935 reported elevation of the urea content of the blood in 
6 of 7 patients with liematemesis and melena. Five of these had duo- 
denal ulcer, 1 a gastric ulcer, and 1 cirrhosis of the liver. In investi- 
gating this, he fed 500 and 1,000 Gm. of calves’ blood respectively to 
2 patients and found no increase in the blood urea content one and two 
days later. He also observed no increase of blood urea in 5 patients 
with hemoptysis, not any in 2 patients starved for three days, and none 
in a professional donor after the withdrawal of 600 c.c. of blood. He 
stated that the condition is not due to dehydration, because it can de- 
velop in the presence of adequate fluid intake. 

Sehiff and Stevens 8 in 1939 in a report of 7 cases of hemorrhage into 
the gastrointestinal tract in which death followed determined the blood 
urea nitrogen values within the first three days of the hemorrhage. In 
■1 cases values for blood urea nitrogen were 50 to about 105 mg. per cent ; 
“in all of these there was repeated hemorrhage, and varying amounts 
of blood were found in the gastrointestinal tract in the three in which 
autopsy was done.” In the fifth case, also with “repeated hemorrhage,” 
the blood urea nitrogen decreased from about 42 to about 33 mg. per 
cent. In the sixth case in which bleeding was due to an aortic aneurysm 
which had ruptured into the esophagus followed by profuse hematemesis, 
the blood urea nitrogen remained in the vicinity of 16 to 17 mg. per 
cent until death. It is interesting to note that in this case “there was 
practically no old blood in the intestinal tract.” This tends to con- 
firm the theory that the prerequisite for the development of azotemia 
is the presence of blood in the intestinal tract. In Sehiff ’s seventh case, 
in which bleeding had preceded admission to the hospital and none oc- 
curred during hospitalization, the blood urea nitrogen advanced from 
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40 to 52 mg. per cent in twenty-four hours and returned to normal 
twenty-four hours later. 

These reports would seem to indicate that the degree of azotemia iu 
the preceding cases was in direct proportion to the amount of blood in 
the 'gastrointestinal tract and to some extent depends upon how long the 
blood has been there. 


Stevens and co-workers 3 in a recent paper agreed with the earlier work 
of Alsted'* and showed much more conclusively that renal functions may 
be either normal or reduced in the presence of the azotemia which fol- 
lows hematemesis. These authors studied 4 cases of hematemesis in 
which the blood urea nitrogen values were increased, the values ranging 
from 37 to 64 mg. per cent. The kidney function in these cases, as de- 
termined by the urea, inulin, and phenol red clearances and also by cal- 
culating the effective renal blood flow (from the phenol red clearance 
and hematocrit by using the average phenol red diodrast clearance ratio 
of 0.56 of Smith, Goldring, and Chasis 10 ), was normal in one ease and 
moderately decreased in the second case but considered not sufficiently 
reduced to account for the elevated blood urea nitrogen. 

In the third ease aLL of the clearances and the effective renal blood 
flow were reduced. However, fourteen days later no significant change 
in renal function or in effective renal blood flow was observed although 
the blood urea nitrogen was normal. The fourth case showed a reduc- 
tion of all clearances and of effective renal blood flow. Three days 


later, ■when the blood urea nitrogen was 15 mg. per cent, there was no 
significant difference in either renal function or the effective renal blood 
flow. Stevens and associates 3 concluded from these observations that 
the reduction in the urea clearance may be due to the decreased rentil 
blood flow hut is insufficient to account for the increased blood urea 
nitrogen content and finally that the reduced clearance persists in spite 
of the return of blood urea to normal. 

Recently Schiff and co-workers 11 gave citrated human blood by stom- 
ach tube to a group of 15 individuals free from renal disease. One 
and cubic centimeters were administered as a single dose to 7 
t l °\ rs of the group, while a total dosage of 2,000 c.e. was given to the 
mem ^ members in divided doses at four-hour intervals. A maxi- 
reraaun » a nitrogen concentration of 24 to 57 mg. per cent was 
mum oo twenty-four hours of the single dose of blood. This was 
obtained wi ^ t0 normal on the second day in 5 and on the third 
followed b> ‘ t j ie g roU p. The same typical rise within twenty- 

day m 3 mein normal also occurred in the remaining members 

receiving m ^ aIM j associates* 1 * experiments, Crohn 12 stated 

In discussing shocb is n lc real factor, and the significant rises 
that “the element ^ ^ {u . ino rrhage is acute, precipitate, ami large 
of urea occur only ' ^ ^ urca are proportionate to the degree of shock 

in amount, and the rises 
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rather than degree of loss of blood.” This statement, in certain in- 
stances at least, does not apply to clinical cases and certainly is difficult 
to correlate with the experiments of Sehiff and other's and with ours 
that we will present in this paper. 

Kaump and Parsons 13 " 13 also studied experimentally the azotemia 
following hemorrhage into the gastrointestinal tract. In his experiments 
varying amounts of blood were aspirated from the hearts of dogs. The 
blood was then given by stomach tube to the dogs. Blood urea deter- 
minations were made every four hours, following the ingestion of blood, 
for three days. Kaump observed a primary rise in blood urea in twenty- 
four hours followed by a drop to normal and a secondary lesser rise in 
forty-eight hours followed by a return to normal. He concluded that 
the azotemia produced was due (1) to the loss of blood and (2) to the 
increased absorption of blood from the gastrointestinal tract causing 
an increase in bod}' protein. 


EXPERIMENTAL, 

Method . — Citrated beef blood was given by stomach tube to a group 
of six dogs. The dogs were young, healthy females apparently free from 
renal disease. Their weights varied from 9 to 21.7 kg. and the hemo- 
globin values from 10.7 to 16.8 Gm. per 100 c.e. 

Urea nitrogen determinations, using essentially the same method as 
that of Tan Slyke and Cullen, 10 were made every four hours* on blood 
from the external jugular vein of each dog from one to three days pre- 
ceding each series of experiments. This was done in order to detennine 
the normal blood urea nitrogen values for each dog since the individual 
animals were noted to show minor variations. Furthermore, it was 
found that each dog showed definite fluctuations in blood urea nitrogen 
values during the twenty-four hours. This was as much as 13 mg. per 
cent in some instances when the dogs were fed only once a day. As a 
rule the highest peak of the twenty-four hours’ fluctuation was found 
to occur during the night. This was directly opposite to the findings of 
MaeKay and MaeKay 17 in normal human beings. However, the degree 
of fluctuation was comparable and could be decreased by divided meals. 
Therefore, during all experiments the dogs were given their usual amount 
of food divided into four small meals daily. AYater was also given 
freely in the usual amounts. 

After each blood urea nitrogen curve was established, the dogs were 
given varying amounts of citrated beef bloodi by stomach tube in single 
and in divided doses. Three cubic centimeters of blood were taken from 
the jugular vein five times daily, as previously stated, for three to four 
days. Daily hematocrit and hemoglobin determinations were made. 

at EOO^and'TiOo’p^t.' 1 '^ SDeCimfins dai! >'- takl - n at 12:00 M., 2:00 and S:00 A.M., and 
tDog blood was used in two experiments as indicated in Fig, 1. 
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RESULTS OP WHOLE BLOOD ADMINISTRATION 

It was found that from three to seven hours after the administration 
of usually 200 c.c; of citrated beef blood by stomach tube, a definite 
elevation of blood urea nitrogen was present in twelve different experi- 
ments. Of the three dogs that received the single 200 c.c. dose of blood, 
a maximum blood urea nitrogen concentration was reached in from 



■pig. i, — The effect of whole blood by stomach tube in the production of alimentary 
azotemia! Results are shown for three dogs after a single dose of blood. In each 
instance the curve extended for twenty-four hours before and after that shown with 
practically no rise. 



FiS- 


„ The effect 


of whole 


. , by stomach tube in the production of alimentary 

azotemia. 
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five and one-half to seven and one-half hours, and returned to normal 
levels in nineteen and one-half to twenty-one and one-half hours from 
the time the blood was administered as seen in Pig. 1. 



Fig. 3. — The effect of whole blood by stomach tube in the production of alimentary 

azotemia. 



Fig. I — The effect of whole blood by stomach tube in the production of alimentary 

azotemia. 


In the nine experiments in which the dogs received larger amounts of 
citvated blood in divided doses, the initial elevation of blood urea nitro- 
gen was observed after intervals varying from three to eight hours. 
Two-thirds showed the elevation in five hours or before. The maximum 
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The daily hematocrit determinations revealed a slight but progressive 
anemia from day to day as the experiments proceeded. This, however, 
was so slight as to be of little importance either in the cause or preven- 
tion of azotemia as seen in Fig. 6. This figure indicates that, if any- 
thing, the dogs with slight anemia had a lower blood urea nitrogen 
value. This cannot be correlated with the fact that red cells contain more 
urea than plasma. 

Blood urea nitrogen determinations were made on two cross-circulated 
dogs in terminal traumatic shock of over three hours’ duration. These 
values were 21.9 and 22.9 mg. per cent, respectively. These are only 
slightly elevated above normal and represent what is in many eases only 
the upper limit of normal. During the period of shock the blood pres- 
sure of both dogs was below 60 mm. and showed a progressive fall ; in 
addition there was a progressive hemoeoncentration until death. Autopsy 
of both dogs revealed gross hemorrhagic congestion of the mucosa of the 
entire small bowel. 

“ALIMENTARY AZOTEMIA, ’ ’ A PROPOSED NEW TERM 

The name azotemia has been applied to tliis syndrome ever since 
Sanguinetti wrote his first description of it. The word azotemia is de- 
rived from two Greek words meaning “life blood” and prefixed by 
“a” to give the meaning “negative life blood.” The term azotemia 
later came to mean the presence of urea or other nitrogenous bodies in 
the blood, especially when in inei’eased amounts. 

Seasoning from analog}' to the commonly used term alimentary gly- 
cosuria (which might be more properly termed alimentary hyper- 
glycemia), it seemed logical to us that the urea syndrome be termed 
alimentary azotemia. The mechanism in each case is the same and the 
adjective is used in both instances to differentiate the condition under 
consideration from a similar one in result but a different one in causa- 
tion. Use of the name extrarenal azotemia is not definitive enough and 
furthermore leads to confusion with the so-called hepatorenal syndrome 
which we believe is not at all related to the condition we are considering. 

SUMMARY 

A review of the literature was made concerning the etiology of 
azotemia following hemorrhage into the gastrointestinal tract. 

The intragastric administration of citrated beef blood in twelve ex- 
periments on six dogs revealed an initial elevation of blood urea nitrogen 
in three to eight hours, a maximum concentration in five and one-half 
to nineteen hours (depending on amount given and number of doses), 
and a return to normal levels in six to nineteen and one-half hours fol- 
lowing the last administration of blood. The dogs were not starved, 
dehydrated, markedly anemic, hypochloremic, or in shock. Admin- 
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blood urea nitrogen concentration was obtained in anywhere from fiv 
and one-half to nineteen hours, depending on the amount of blood anc 
the number of doses. The return to normal after the maximum blood 
urea nitrogen concentration was l'eaehed occurred quite rapidly in most 
cases, as seen in Pigs. 2, 3, and 4. However, the average total length of 
time during which azotemia exists was increased when very many blood 
administrations were given, as seen in Pig. 5. 



Wff 5. — Staircase effect of repeated doses o£ blood by stomach tube in the production 

of alimentary azotemia. 
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istered blood was carefully analyzed and found normal in blood urea 
nitrogen content as shown in Table I. 

Table I 


Analysis of Specimens of Whole Beef Blood Used for Intkagastric 
Administration to Dogs in These Experiments 


SPECIMEN 

NO. 

HEMOGLOBIN 
GM. % 

HEMATOCRIT 

% 

UREA NITROGEN 
MG. % 

TOTAL PLASMA 
PROTEIN 

GM. % 

i 

11.0 

33.0 

19.1 

4.30 

2 

12.6 

35.0 

9.9 

4.96 

3 

13.0 

37.0 

17.7 

5.20 

4 

10.0 

35.5 

1G.1 

4.52 . 

5 



16.9 


Average 

11.7 

35.1 

15.9 

4.74 


Blood urea nitrogen values were only slightly elevated in two dogs 
in terminal traumatic shock. 


conclusions 

1. An increase in blood urea nitrogen occurs in the dog following the 
intragastrie administration of whole blood. 

2. In these experiments starvation, dehydration, bleeding, hypo- 
chloremia, and shock did not play a major part in the production of 
azotemia. 

3. The term alimentary azotemia is proposed for this condition and 
it seems logical to assume that much of the rise in blood urea nitrogen 
observed in clinical cases of bleeding peptic ulcer is clue to the same 
phenomenon. 
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Table I 
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% 
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Average 

11.7 
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chloremia, and shock did not play a major part in the production of 
azotemia. 
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studied in dogs. Three methods were employed: (1) intravenous injec- 
tion of commercial trypsin solution containing large amounts of amylase 
and lipase, besides the trypsin; (2) infusion of blood from a dog with 
acute pancreatic damage into a normal animal; and (3) injections of 
aeetyl-betamethyleholine and eserine. 

Serum amylase was determined using the one-half-hour method of 
Wohlgemuth. 10 Amylase concentration is expressed by the degree of 
dilution at which 1 c.c. of the diluted serum will still hydrolyze 1 c.c. 
of an 0.1 per cent starch solution at 38° C. within thirty minutes. We 
are aware of the shortcomings of this method. We chose it, however, 
because we were interested in considerable changes of the serum amylase 
rather than in small variations. Besides, the method is reliable and is 
particularly fit for clinical purposes. Serum lipase was estimated by 
the method of Crandall and Cherry; 5 units of lipase are expressed in 
cubic centimeters of n/20 NaOH. 

EXPERIMENTS 

1. Each of two dogs weighing 15 and IS kg. received an intravenous 
injection of 20 c.c. of a filtered 2 per cent solution of commercial trypsin 
1 :200 s in saline solution. Table I shows the amylase and lipase values 
found in the trypsin solution and in blood samples drawn from the dogs 

Table I 


Serum Amylase and Lipase Following Intravenous Injection op 20 c.c. op 2 
Per Cent Tp.ypsin Solution 


1 

AMYLASE | 

LIPASE 

Experime\ 

Ilf 1 


Trypsin solution 

04,000 

4.70 

Dog’s serum 



Before injection 

12S 

0.60 

After injection 



5 min. 

512 

2.20 

30 min. 

512 


1 hr. 

512 


2 hr. 

512 

3.60 

3 hr. 

256 

3.S0 

I hr. 

256 

3.60 

3 hr. 

256 

3.40 

7 hr. 

256 


9 hr. 

12S 

0.60 

Experiment 3 


J rypsm solution 

64,000 

9.S4 

Dog’s serum 



Before injection 

12S 

0.00 

After injection 



10 min. 

512 

1.64 

1 hr. 

256 

3.32 

2 hr. 

256 


4 hr. 

256 


6 hr. 

12S 

‘ 1.4S 

S hr. 

12S 

1.20 

24 hr. 

12S 

0.60 


:onVat«l °uyns!n. t0 Dr ' D ‘ Klein - ' VVilson Laboratories, Chicago, for a supply of 
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gradually in the subsequent blood samples and after five hours amylase 
concentration had returned to its original level. The lipase concentra- 
tion of the infused blood was increased but slightty and no appreciable 
change of the serum lipase level was found in the second dog. 

3. Finally the duration of increased concentration of blood enzymes 
following drugs which stimulate secretion of the pancreas was deter- 
mined (Table III). 

Recently Antopol, Sehifrin and Tuehman 12 as well as Friedman and 
Thompson 13 have shown that injection of acetyl -beta-met hylcholine and 
eserine causes an increase of the blood amylase concentration in dogs 
and they demonstrated that this was due to stimulation of the pancreas. 

A dog of II kg. body weight received 3 mg. of aeetyl-beta-methylekoline 
(mecholyl)* and 0.5 mg. of eserine sulfate by hypodermic injection. 
The highest level of serum amylase was found (Table III), 3 x /2 hours 


Table III 

Serum Amylase and Lipase Following Subcutaneous Injection of 
Mecholyl and Eserine 


EXPERIMENT 4 

AMYLASE 

LIPASE 

Before injection 

After injection 

12S 

0.40 

1 lir. 

256 

1.70 

3 14 hr. 

1024 

1.70 

6 hr. 

512 

0.30 

8% hr. 

512 

0.20 

11 hr. 

256 

0.20 

24 hr. 

128- 

0.00 


following administration of the drugs. Then the amylase concentra- 
tion decreased slowly and returned to its original level between the 
eleventh and twenty-fourth hours. Determinations of serum lipase 
showed a distinct but not very marked increase after 1 hour; after 
3 V 2 hours the concentration was still unchanged, but after 6 hours the 
original lipase level had been re-established. 

RESULTS 

Serum amylase rose to a fourfold concentration in Experiments 1, 

2, and 3. Return to the original level took place between the seventh 
and ninth hours in Experiment 1, between the fourth and sixth hours 
in Experiment 2, and between the third and fifth hours in Experiment 

3. Experiment 4 showed an eightfold increase of serum amylase 3 1 /* 
hours after injection of the drugs, and a return to its original level 
took place between the eleventh and twenty-fourth hours after injection. 
Inasmuch as it had decreased considerably 11 hours after administra- 
tion of the drugs, we may assume that the original level had been 
attained shortly afterwards. 

Experiments 1, 2, and 3 show that the body begins to eliminate an 
increas ed blood an13-la.se very promptly. The longest persistence of 

e are obliged to Merck & Co., Inc., Rahway, X. J-, for supplies of mecholyl. 
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before and at regular intervals after its administration. A marked 
increase of both serum amylase and lipase was found a few minutes 
after injection. In Experiment 1 serum amylase remained at this 
elevated level for some time and began to decline after 2 hours; 
whereas, a decline was found in Experiment 2 after 1 hour. The original 
level of amylase was re-established in Experiment 1 after 9 hours; in 
Experiment 2, after 6 hours. Serum lipase showed a progressive 
increase. The highest value appeared in Experiment 1 after 3 hours; 
in Experiment 2, after 1 hour. The restoration of the original lipase 
level was found in Experiment 1 after 9 hours; in Experiment 2 a 
slight increase of lipase was still present after 8 hours; 24 hours after 
injection the serum lipase had returned to a normal level. 

The injection of the trypsin solution was followed by marked symp- 
toms of shock. We believe that our results are nevertheless instructive 
because acute pancreatic disease in man is very often accompanied by 
shock and because shock will probably retard and not shorten the 
return to normal of blood enzyme concentration. 

These experiments, however, were performed with administration of 
heterologous enzymes and the results are open to objection. There- 
fore, the following experiments were performed. 

2. Two dogs with compatible blood were used. 11 Acute damage of 
the pancreas was produced in one of them under nembutal anesthesia 
by injection of 3 c.e. of its own gall bladder bile into the main pan- 
creatic duct and subsequent ligature of the duct. Serum amylase of 
this dog was determined every hour and after six hours a marked in- 
crease of blood amylase was found. At this time citrated blood was 
withdrawn aseptically and stored in a refrigerator. On the following 
day blood was drawn from the second dog and replaced immediately 
by the warmed blood from the first dog. Tin's procedure was repeated 
several times until approximately 60 per cent of the circulating blood 
had been replaced. Serum amjdase and lipase concentration of the 
stored blood and of blood samples drawn from the infused dog before 
and at regular intervals after the blood exchange arc shown in Table II. 

Table XI 


INFUSION’ OF PANCREATITIS IU.OOD INTO Do<i 


experiment a 

AMYLASE 

1 ! HUSK 

Pancreatitis blood serum 

aia 

J.00 

Dog's serum _ 

Beforo infusion 

04 

I 0.00 

After infusion 

C50 

0.00 

% hr. 


O.liO 

1 hr. 

ICS 

0.00 

3 Hr. 

lit 



„,„f,"ition of amylase was found m the first sample, 
The highest conct infusion. The amylase level declined 

rawn one-half hour alter 
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2. The secretory function of the damaged pancreas stops usually 
three to five days after the beginning of the disease, and this is followed 
by a decrease of the blood amylase level. If the blood amylase level 
declines before that time, one may conclude that a less severe pathologic 
process of the pancreas is subsiding. 

We are obliged to Dr. H. Xecheles, Dr. F. Xeuwelt, and Mr. Win. Olson for advice 
and help. 
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increased amylase was found in Experiment 1 in which it remained at 
the same high level for 2 hours. But in Experiments 2 and 3 the 
beginning of decline was demonstrable already within the first hour. 
Experiment 4 must be considered separately because the effects of 
the diugs seem to persist for some time, apparently causing a pro- 
longed discharge of enzymes into the circulation. The fact that in 
this experiment the serum amylase level rose to its maximum value 
during the first 3% hours after injection shows that at first the 
amount of enzyme which entered the circulation did exceed the amount 
eliminated. After 3^ hours, however, a gradual decrease occurred. 

It is very probable that there is an analogous course of the blood 
enzyme curve in human pancreatitis. One may assume that persistence 
of high blood amylase in acute pancreatic disease is caused by a con- 
tinuous entrance of more enzymes into the circulation than can be 
eliminated, and that during this period the pathologic process in the 
pancreas is active. 

A diminishing or a decreased level or serum amylase, on the 
other hand, shows that the disehai'ge of enzyme into the circulation is 
lessening and that, therefore, the balance of inflow and elimination has 
become negative. Damage to the pancreas is accompanied by an inflow 
of amylase into the circulation for a few days (usually three to five 
days), and after this time the seeretory activity of the pancreas has 
probably ceased by damage or by destruction of the organ. Thus, a 
decrease of blood amylase usually occurs three to five days after the 
beginning of pancreatitis in man, in spite of the continuation of the 
pathologic process. On the other hand, an earlier decline of blood 
amylase concentration indicates the subsiding of pancreatic disease, 
usually of lesser severity. 

Blood lipase levels behaved similar to those of amylase in Experi- 
ments 1, 2, and 4. Restoration of normal lipase concentration occurred 
within several hours. It is of interest to note that mecholyl and eser- 
ine raise both the amylase and the lipase concentration of the blood. 


SUMMARY AND CONCLUSIONS 

The time for elimination of increased blood amylase and lipase was 
studied in dogs after intravenous administration of commercial trypsin 
olution (containing also lipase and amylase), after transfusion of 
n d rich in amylase, and after injection of mecholyl and esorine. 

°° • Hnn 0 f increased blood amylase and lipase begins very quickly 
^ !TLts several hours. It is believed that the level of blood amylase 
l ' ase is determined by the balance between their inflow into, and 
anc ip from, the circulation. 

their <?hmi experiments permit the following conclusions on 

ThC !tion of blood enzymes in human pancreatitis: 

the concentration k . vul over several days indicates that 

1. A high bloo * |.,t inn exceeds the elimination and is 


enzyme 

a sign of an 


° fn the circulation exceeds the climb 
infl °" ac uvc pathologic process in the pancreas. 
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closure of the duodenum and reimplantation of the pancreatic and bile 
duets into the duodenum at the site of the anastomosis. Although the 
method has since been employed many times, the results have been 
unsatisfactory. 

Cooper 3 in December, 1937, reported 14 cases of carcinoma of the 
ampulla of Vater with no cures. 

Hope of cure in the larger and more infiltrative lesions lies only in 
radical resection, preferably in stages. These patients are jaundiced 
and are poor operative risks. The initial procedure, following adequate 
preoperative preparation, should be to relieve the jaundice. A pre- 
liminary eholeeystotomy may be performed, if necessary. If the 
patient’s condition will permit, it is believed best to open the abdomen, 
establish the diagnosis, and construct a cholecystojejunostomy on the 
Roux principle. The second stage may be performed after a few 
weeks when the jaundice has cleared, the bleeding time has returned to 
normal, and the patient is in condition to withstand the radical resection. 

The anastomosis of the gall bladder to the jejunum, on the Roux 
principle, was carried out on the following case. This was recommended 
by Whipple 2 in 1938, but there has been no other case reported in which 
a two-stage resection has been completed in this manner.® 


CASE REPORT 


The patient, E. T. E., a white male, 38 years of age, was admitted April IS, 
1939. Jaundice first appeared in August, 193S, associated with attacks of colicky 
pain in the right upper quadrant. Stools became clay colored, jaundice increased, 
and weakness and weight loss were progressive. Bright red blood was found in 
the stools in January, 1939, at which time the patient was bedridden and had noted 
a total weight loss of forty pounds. In February, 1939, a eholeeystotomy was per- 
formed elsewhere. There was a temporary decrease in the jaundice, but drainage 
was inadequate due to the formation of several fistulas and pocketing of bile in the 
abdominal wall, and in a few weeks the jaundice became as deep as before the 
operation. 

Examination revealed an undernourished white male with deep clinical jaundice. 
There was a right rectus scar healed except for a biliary fistula. Another fistula 
to the right was located over a swelling of the abdominal wall from which about 
90 c.c. of bile could be expressed. The liver was 30 cm. below the costal border. 
There was no intra-abdominal fluid. Temperature was 98.-1°; respiration, 1-1 ; pulse, 
CO; blood pressure, 110/72. 

The laboratory findings were as follows: Urinalysis: 2 plus albumin, moderate 
W.B.C., occasional R.B.C., bile present. Blood examination: Erythrocytes, 4.4 mil- 
lion; hemoglobin, SO per cent; leueocvtes, 5,000. Coagulation time was five minutes 
and bleeding time was two minutes. Serology was negative. The icterus index was 
reported 10.5, although the patient appeared to be deeply jaundiced. The van den 
Bergh test gave a delayed direct reaction. An x-rav of the chest was normal. 
Lipiodol injected into the biliary sinus showed a collection in the abdominal wall 
and did not visualize the biliary tract. 


,, ‘Although 'Whipple lias completed Roux procedures in two cases, the 
did not survive sutllciently long: for him to consider them of am- value as 
reporting the procedure (personal communication). 


patients 
data in 



TWO-STAGE RESECTION OF CARCINOMA OF THE 
AMPULLA OF VATER* 


Randall B, Moreland, M.D., and Bromley S. Freeman, M.D., 

Hines, III. 

( I’l <>/>) the Tumor Service , Edward Hines, Jr ., Hemovial Hospital ) 

r f ’HE RADICAL two-stage resection of carcinoma of tiie ampulla 
A of Vater was first advocated by Whipple, Parsons, and Mullins 1 
in 1935. In April, 1938, Whipple 2 collected and briefly reported 11 
cases in which radical resections had been performed. Although the, 
two-stage procedure was not employed in all, patients in 5 of these 
11 reported cases survived the operation. Brunschwig 3 in November, 
1937, reported a successful two-stage resection of the duodenum and 
head of the pancreas for carcinoma. The patient died on the eighty- 
fifth postoperative day of extensive intra-abdominal metastases. Crile* 
in October, 1938, reported a successful resection of the head of the 
pancreas by the two-stage method but the patient died eighteen months 
later.f Illingworth 5 in May, 1939, reported a case in which a two- 
stage resection was performed. The patient died on the forty-third 
postoperative day due to leakage from the stump of the common bile 
duct. 


Until recently radical operations on the pancreas were seldom con- 
sidered justified and resections were attempted almost exclusively for 
small growths about the ampulla. These tumors were approached 
either through the anterior wall of the duodenum or from behind after 
mobilizing the duodenum. The bile and pancreatic ducts were severed 
and usually left to drain into the crater in the head of the pancreas and 
through the opening into the duodenum. The results obtained by these 
surgical procedures were not good; operative mortality was very high 
and pancreatic and biliary fistulas were frequent. Postoperative com- 
plications and recurrences were common. Of the 76 eases reported by 
Hunt and Budd° in 1935, there were 29 deaths, a mortality of 39 per 
cent Because of the short follow-up, the end results are difficult to 
evaluate, but there probably were only 7 cures out of the 76 cases 


Hasted 7 hi 1S9S removed a full segment of the duodenum and a 
edge-shaped section of the head of the pancreas with end-to-ond 

— " — uennisiion of the Medical Director of the Veterans' AdmluLtru- 

* Published with tllt r ’' '.'L(b(ltty for the opinions expressed or conclu.iloiis drawn li> 
on, who assumes no rt»i 

„ authors. 0 t a stricture of the cholecyatoKu.-drostoiiiv stoma. 

♦The patient died as aj&iwil typical vitamin A deilcleney with night WimJm.M 
•ortly before death nj. nlun(c . lt ion). 

id keratoses (personal attributed to several fnytora. the most 

rrlds high percentag« of h « u (un . or ri: „cted which varied from a i» a to robin a 
nportant being the size 

Medved for publication, June »» ■ 
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First Operation. — Following preparation with high carbohydrate diet, intravenous 
solutions of glucose and calcium gluconate, and administration of vitamins, includ- 
ing vitamin K and bile salts, the patient was operated upon May 15, 1939. 

Under general anesthesia a right rectus incision was made and the biliary si- 
nuses of the abdominal wall were excised. Many intra-abdominal adhesions were 
separated. The liver was enlarged about 10 cm. below the costal margin. The gall 
bladder was distended and the wall thickened. The common bile duet was dilated 
to 2.5 cm. in diameter. In the head of the pancreas a stony hard nodular mass 
was palpated, approximately 5 cm. in diameter. No metastases nor enlarged lymph 
nodes were found. A diagnosis was made of carcinoma of the head of the pancreas 
and ampullary region. Approximately 20 inches below the ligament of Treitz, the 
jejunum was severed between clamps. An antecolie anastomosis was established be- 
tween the gall bladder and the distal jejunum, and an end-to-side anastomosis was 
established between the proximal jejunum and the distal jejunum at a site approxi- 
mately 10 inches below the cholecystojejunostomy. (Fig. 1.) The mesentery was 
closed to prevent hernia. Care was taken to avoid constricting the transverse colon. 
The postoperative recovery was uneventful with disappearance of the jaundice and 
rapid gain in weight and strength. Fine eatgut technique was used throughout. 

Second Operation . — On July 10, 1939, under spinal anesthesia later supplemented 
with general anesthesia, a wide transverse incision was made. Many adhesions 
were incised. The previously constructed anastomoses were examined and an ade- 
quate stoma found in each. The tumor was palpated, found to be about the same 
size, and was again considered operable. The duodenum was mobilized by dividing 
its right lateral peritoneal attachment, permitting the growth to come forward with 
it. The common bile duct, the superior mesenteric vein, and the portal vein were 
then exposed and were found to be free from the tumor. The common bile duct 
was doubly ligated and severed below the cystic duct. The pancreatoduodenal 
artery was ligated. The duodenum was then divided near the pylorus and again 
in its third portion, and the ends closed. The pancreatic duct was exposed and 
a wedge-shaped section of the pancreas was removed, the dissection extending 
along the wall of the superior mesenteric and portal veins. (Fig. 2.) Care was 
taken to avoid cutting close to tumor tissue. The dilated pancreatic duct was 
isolated and suture ligated. A small rent made in the portal vein was sutured. 
Bleeding from the large duodenal and pancreatic branches of the superior mesenteric 
vessels was controlled temporarily by packing and later by ligation. The raw 
pancreatic surface could not be closed completely although several interrupted 
mattress silk sutures were placed to bring it together partially and to reduce the 
drainage of pancreatic juice. Because of a very short transverse mesocolon, an 
anterior gastrojejunostomy was performed. Drains were placed down to the area 
of pancreas resected and the abdomen was closed. (Fig. 3.) During the operation 
1,500 c.e. of blood and 5,000 c.c. of 5 per cent glucose solution were administered. 
The blood pressure remained fairly constant at about 110/05. The pulse varied 
from SI to 110. During a period of considerable bleeding, the pulse became much 
weaker and slightly irregular, but with the administration of Mood and fluids it 
quickly improved. On completion of the six-hour operation, the respiration was 
20, pulse was 90, blood pressure was 110/04. 

Postoperative Course . — During the evening of the operation the temperature 
reached 105° and the pulse 120 for a few hours. The next day the temperature 
was 102.0° and four days later was normal. From the fourth to the tenth post- 
operative day there was considerable bile drainage from the wound, after which 
drainage stopped ami the wound healed without hernia. The patient was up in 
fourteen days. About one month later he complained of cramping pain in the 
right upper abdomen. There was no distention, no fever, and, after receiving 
a “sterile hypo,’’ he was asleep in ten minutes. Two months later, he had a chill 
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First Operation. — Following preparation with high carbohydrate diet, intravenous 
solutions of glucose and calcium gluconate, and administration of vitamins, includ- 
ing vitamin K and bile salts, the patient was operated upon May 15, 1939. 

Under general anesthesia a right rectus incision was made and the biliary si- 
nuses of the abdominal wall were excised. Many intra-abdominal adhesions were 
separated. The liver was enlarged about 10 cm. below the costal margin. The gall 
bladder was distended and the wall thickened. The common bile duct was dilated 
to 2.5 cm. in diameter. In the head of the pancreas a stony hard nodular mass 
was palpated, approximately 5 cm. in diameter. No metastases nor enlarged lymph 
nodes were found. A diagnosis was made of carcinoma of the head of the pancreas 
and ampullary region. Approximately 20 inches below the ligament of Treitz, the 
jejunum was severed between clamps. An antecolic anastomosis was established be- 
tween the gall bladder and the distal jejunum, and an end-to-side anastomosis was 
established between the proximal jejunum and the distal jejunum at a site approxi- 
mately 10 inches below the choleeystojejunostomy. (Fig. 1.) The mesentery was 
closed to prevent hernia. Care was taken to avoid constricting the transverse colon. 
The postoperative recovery was uneventful with disappearance of the jaundice and 
rapid gain in weight and strength. Fine catgut technique was used throughout. 

Second Operation. — On July 10, 1939, under spinal anesthesia later supplemented 
with general anesthesia, a wide transverse incision was made. Many adhesions 
were incised. The previously constructed anastomoses were examined and an ade- 
quate stoma found in each. The tumor was palpated, found to be about the same 
size, and was again considered operable. The duodenum was mobilized by dividing 
its right lateral peritoneal attachment, permitting the growth to come forward with 
it. The common bile duct, the superior mesenteric vein, and the portal vein were 
then exposed and were found to he free from the tumor. The common bile duct 
was doubly ligated and severed below the cystic duct. The pancreatoduodenal 
artery was ligated. The duodenum was then divided near the pylorus and again 
in its third portion, and the ends closed. The pancreatic duct was exposed and 
a wedge-shaped section of the pancreas was removed, the dissection extending 
along the wall of the superior mesenteric and portal veins. (Fig. 2.) Care was 
taken to avoid cutting close to tumor tissue. The dilated pancreatic duct was 
isolated and suture ligated. A small rent made in the portal vein was sutured. 
Bleeding from the large duodenal and pancreatic branches of the superior mesenteric 
vessels was controlled temporarily by packing and later by ligation. The raw 
pancreatic surface could not be closed completely although several interrupted 
mattress silk sutures were placed to bring it together partially and to reduce the 
drainage of pancreatic juice. Because of a very short transverse mesocolon, an 
anterior gastrojejunostomy was performed. Drains were placed down to the area 
of pancreas resected and the abdomen was closed. (Fig. 3.) During the operation 
1,500 e.c. of blood and 5,000 c.c. of 5 per cent glucose solution were administered. 
The blood pressure remained fairly constant at about 110/65. The pulse varied 
from S-l to 110. During a period of considerable bleeding, the pulse became much 
weaker and slightly irregular, but with the administration of blood and fluids it 
quickly improved. On completion of the six-hour operation, the respiration was 
20, pulse was 96, blood pressure was 110/64. 

Postoperative Course . — During the evening of the operation the temperature 
reached 105° and the pulse 126 for a few hours. The next day the temperature 
was 102.0° and four days later was normal. From the fourth to the tenth post- 
operative day there was considerable bile drainage from the wound, after which 
drainage stopped and the wound healed without hernia. The patient was up in 
fourteen days. About one month later lie complained of cramping pain in the 
right upper abdomen. There was no distention, no fever, and, after receiving 
a 1 1 sterile liypo, ’ ’ lie was asleep in ten minutes. Two months later, he had a chill 
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» Anantive specimen of duodenum, head of pancreas, lower end of common bile 
Fig; 4.— uper»».w>« ** duct and tumor. 


. Jg - c Report . — The .specimen consisted of a 20 cm. section of duodenum, 
* * . q£ the common bile duct, and the head of the pancreas with its 

the dist a • ^ t]ie (juodenum was intact. The papilla of Vater was enlarged 


duct. The muco.a “* TJie c0mn)0I , bile duct was considerably dilated, 

and felt firm on palpation. 
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lumen of the terminal portion of the duet was markedly constricted and did not 
permit the passage of a probe. At the site of constriction the duct had an annular 
superficial ulceration measuring 1 cm. in length. The underlying wall was markedly 
thickened, was indurated, and was composed of a grayish white tissue whieh in- 
filtrated to a slight extent the underlying pancreatic tissue and the posterior por- 
tions of the ampullarv part of the duodenum. The pancreatic duct was slightly 
dilated. It opened directly into the duodenum at the papilla of 7 ater. There 
was apparently compression of the termination of the duct by the mass at the 
termination of the common bile duct. The pancreatic tissue appeared to be normal. 

Microscopic Separt.-— Section through the tumor mass revealed marked thicken- 
ing of the wall of the common bile duet and the outer coats of the duodenum 
with infiltration of many masses and columns of large epithelial cells. The cells 
were large and irregular and had large hyperchromatic nuclei which varied in size. 
In a few areas the epithelial cells formed small acini. One section of the pancreas 
showed invasion of the capsule and fibrous trabeeuli by tumor cells. The pan- 
creatic acini, ducts, and islands of Lange rliaus appeared normal. Summary: 
Adenocarcinoma of the ampullary region of the duodenum, probably arising in 
the terminal end of the common bile duet and invading the head of the pancreas. 
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f‘S. 5 — Photomicrograph of tumor of ampullary region. .Anaplastic adenocarcinoma. 

Head mission. — The patient was rehospitalized Nov. 12, 1939, four months after 
the last operation, seriously ill, complaining of jaundice, evident loss of weight, 
•isiites and edema of the lower extremities. The liver was enlarged down to the 
umbilicus and was questionably nodular ami definitely tender. Stools were acholic 
when he was admitted, but within a few days became green and contained much 
ule. trine rontaiued bile. Laboratory examinations gave the following results: 
Blood count : erythrocytes, 3.1 million; hemoglobin, do per cent; leucocytes, 11,600; 
poh morphonurlears, SO per cent; lymphocytes, 14 per cent; monocytes, 6 per cent. 
Rood chemistry revealed a blood sugar of So mg. per 100 e.e. ; urea nitrogen, 1-1.1 
"ig. per 100 e.e.; cholesterol. 191 and 241 mg. per 100 e.e.; prothrombin time, 60 
per cent normal; blood proteins, 3.91; blood globulin. 2.7. The stools contained 
undigested fat. Many of these examinations were repeated with but little sig- 
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nifictuit elm, Ah, luminal pariuvnlenis was perform, -,i several times ami large 
,|tmu titles „t elear aiiilier lliii.) were remove,!. Tlierapeutie measures jneluJcl blood 
traiistusion, anliuiiemie aii.l high eiirbohy. irate diet, administration of hemopoietic 
preparations ami vitamins, inrlmliug vitamin iv, intravenous glucose solutions, and 
administration of raw, ground pancreas, 100 Ora. three times a day. This was 
later changed to the extract of pamwens, lipoeaic, three capsules three times a day 
(obtained through the courtesy of l)r. (!. Dragstedt and the Eli Lilly Co.). 
In spite of these measures the patient pursued a progressively downhill course and 
expired Dee, i), 10.10, live muni ha after the last operatioa. 


Autopsy, lhere was sear tissue at the site of resection of the duodenum and 
head of the pancreas with no local recurrence of the carcinoma. A regional lymph 
node, several centimeters distant, about 1.5 cm. in size, on microscopic examination 
showed partial replacement by carcinoma cells. The pancreas appeared normal 
both grossly and microscopically. There was no dilatation of the ducts. The 
liver contained discrete areas of metastatic carcinoma replacing approximately 20 
per cent of its substance. There was also a severe suppurative cholangitis and 
hepatitis. Microscopically the liver cells showed retained bile pigment, albuminous 
degeneration of cytoplasm, and infiltration with many lymphocytes and a few poly- 
morphonuclear leucocytes. These changes were believed to he doe to infection. 
There was no fatty degeneration or atrophy as has been described in experimental 
animals following ligation of the pancreatic ducts. 


COMMENT 


Crilo stated that in eight autopsies at the Cleveland Clinic for 
carcinoma of the head of the pancreas, six were resectable. In 60 per 
cent of the surgical cases of Rives, Romano, and Sandifer 3 no metastases 
were found at operation. Ransom's 10 autopsy figures indicate that 
primary carcinoma of the bile ducts and of the ampulla of Vater is 
actually more common than primary carcinoma of the head of the 
pancreas and that many of these tumors are localized and resectable 
even at the time of the patient’s death. 

Metastases from carcinoma of the ampulla of Vater are relatively 


infrequent, partly because these tumors produce symptoms early and 
partly because these tumors are usually not highly malignant. Tumors 
arising in the head of the pancreas produce symptoms later, are more 
malignant, and metastasize earlier, hence the importance of making 
the differentiation whenever possible. In the early ease differentiation 
is often not possible and resection is indicated. A large percentage of 
the tumors of the ampullary region and head of the pancreas actually 
■ rise in the ampulla of Vater, are of low-grade malignancy, and produce 
d toms early. Every patient with persistent painless jaundice of the 
TImIvc tvne should have the benefit of an exploratory operation 
° b tl resection of the tumor if one is found and is operable. The 
I** of surgery in these cases has greatly increased due to our 

recent knowledge and use of vitamin Iv. 


SUMMARY 


of the ampulla of Vater with infiltration into the 
1 , A carcinoma uceess f u lly resected by a two-stage procedure, 

head of the pancreas was 
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This is believed to be the first ease reported in which resection has been 
completed with a Roux eholeeystojejimostomy, as advocated by Whipple. 
Although a formidable procedure, the principle is sound, permitting 
wide removal of all cancer tissue. 

2. Death occurred five months later. Autopsy revealed a small 
metastasis in a regional lymph node, metastases in the liver, suppurative 
cholangitis, and hepatitis. There was no local recurrence of the cai*- 
cinoma. 

3. Recent advances in the surgery of jaundiced patients should en- 
courage resection in selected cases with lower operative mortality. 

4. Two serious complications may occur following this type of 
resection: (1) fatty degeneration and atrophy of the liver, probably 
preventable by the administration of raw pancreas or certain pancreatic 
extracts; (2) cholangitis, which is believed to be a frequent complication 
after all types of gall bladder anastomoses. The Roux anastomosis is 
simply constructed and functions well postoperatively. Whether or 
not the incidence of cholangitis is higher following this anastomosis 
than following anastomosis of the gall bladder to the stomach has not 
been definitely determined. 

5. A high percentage of tumors of this region are of low-grade 
malignancy. This tumor, however, on microscopic examination was 
found to be anaplastic and highly malignant. This was substantiated 
by the subsequent development of liver metastases. 
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designed to filter bacteria out of the air as it passes through them; (2) 
impervious masks designed to deflect the air stream away from the 
object to be protected. 

A review of the literature reveals many conflicting opinions of the 
value of either type of mask as a means of preventing the spread of 
bacteria from the wearer into the air or the inhalation of bacteria from 
the air by the wearer. It is not practical to review all of the literature, 
but the following statements summarize the opinions which have been 
expressed most frequently: 

1. The routine use of ordinary gauze masks is of definite value in 
the control of surgical wound infections, epidemics of puerperal sepsis, 
and cross infection in contagious disease wards. 5 ’ 6 ’ 23 ’ 28 ’ 40 ’ 41 

2. The routine use of ordinary gauze masks is of little value in check- 
ing epidemics of contagious diseases, 22 and, in spite of careful masking, 
many bacteria eseape from the nose or throat and contaminate the air 
of the operating room. These organisms are responsible for the majority 
of wound infections. 14-18 

3. The common surgical masks made of a few layers of gauze, under 
experimental conditions at least, have little power to filter bacteria from 
the expired air if the wearer talks or coughs. 2 ’ 22 ’ 25> 38 ’ 41 

4. Masks made from many thicknesses of fine mesh gauze 4 ’ 9 ' 23> 38 ’ 41 
or from closely woven material, such as dimity, 2 those containing a layer 
of rubber or celluloid between several layers of gauze, 2 ’ 3 and simple 
deflecting masks made entirely of impervious material 39 are highly effec- 
tive. 

5. The gauze masks described above are so difficult to breathe through 
that air escapes at the sides of the mask. This, of necessity, occurs with 
masks containing impervious matei'ial, and in spite of the claims of 
those who advocate these masks, the air escaping at the sides is not 
sterile. 1 ' 22 

DROPLETS AND DROPLET NUCLEI 

Wells and his collaborators 43-49 have emphasized the fallacy of judg- 
ing the presence or absence of air contamination solely by the number 
of colonies developing from organisms which have fallen upon exposed 
Petri plates. In their important studies on air-borne infection these 
workers demonstrated that at least two mechanisms operate. The first 
involves the commonly understood droplet. These droplets, which vary 
iu size from 0.1 to 2 mm., 43 are heavy enough to fall rapidly. Since 
they fall rapidly to the floor, their direct range of infectivity is usually 
less than 15 feet. 10> 11 The bacteria contained in these large droplets 
are readily recovered upon exposed Petri plates and this method may 
be used to estimate the number of droplets falling on a given area. The 
second mechanism operating in the spread of air-borne infections in- 
volves the droplet nucleus. When a droplet is expelled into the air, it 
tails toward the ground with varying speed, depending on its size and 
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specific gravity, t!u: presence or absence of air currents, the relative 
humidity, the speed of ejection, and a number of other factors. 20 * 43 * 45 < 45 
M<ni\ .small droplets evaporate before settling to the ground, leaving 
tin\ buoyant nuclei ot particulate matter, the droplet nuclei. The mass 
ot these nuclei is so small in proportion to their surface area that they 
do not tall to the ground but remain suspended in the air and are 
naif ted about tor indefinite periods of time. 43 Some of the droplets ex- 
pelled from the mouth in talking are so small that they may be consid- 
ered, tor practical purposes, to be droplet nuclei. These droplet nuclei 
nre capable of traveling great distances and may well represent an im- 


portant means of spreading infectious diseases. 57 * 46 Since the droplet 
nuclei do not fall to the ground, the bacteria contained in them cannot be 
recovered upon exposed Petri plates. It has been shown that Petri 
plates will remain nearly sterile when exposed in a room where the air 
is heavily contaminated with bacteria in the form of droplet nuclei. 40 

ft is obvious that any experiments designed to test the efficacy of 
face masks should be planned to record their power to prevent the 
passage of both droplets and droplet nuclei. All of the previous studies 
on masks, except that of Arnold,' are incomplete in this regard since the 
experimenters relied entirely upon the failure of bacteria to fall upon 
Petri plates as evidence that they did not pass through or around the 


masks. 


The obvious contradictions in the literature, 2 - the neglect of all work- 
ers except Arnold* to enumerate the bacteria which remain suspended 
in the air, the recent development by Wells' 2 of a simple apparatus for 
recovering the droplet nuclei from a given volume of air, and the present 
lively interest in transmission of infection through the air led us to un- 
dertake a study of masks. 


MATERIALS AND METHODS 

A. Apparatus. — An airtight chamber measuring 36 by 26 by 16 inches 
was constructed (Pig. 1)- One side of the chamber was fitted with a 
rubber diaphragm through which the head of the subject could be 
inserted. Inlets for filtered sterile compressed air were located 
above and below the diaphragm. The opposite side of the chamber 
contained an airtight door through which Petri plates eouJd be intro- 
luced Glass observation panels were placed on the two remaining sides, 
rutile floor of the chamber a connection for a Wells air centrifuge was 
• U ll d 42 This instrument consists of an electric motor which rotates 
6 liued w jth agar culture medium. A given quantity of air can 
a tube through the tube in such a manner as to impinge mi- 

bc made o P r _ c(ja “ ed waI]s . After forty-eight hours of incubation 
crobes on i ‘ ”‘nted. count is a fairly accurate measurement 

the colonies are Qi>(ranisms per g { ven volume of air. The negative 
of the number created by the centrifuge, was equalized by 

pressure within i ’ iate am0 imts of filtered sterile com- 

the introduction of appiop 



HIRSHFELD AXD LAUBE : SURGICAL MASKS 


723 


pressed air through the inlets above and below the head of the sub- 
ject. To regulate this, a water manometer was attached to one side 
of the chamber. A 15-watt General Electric ultraviolet sterilizing 
lamp was installed in the roof of the chamber to sterilize the air between 
tests. It was also used to minimize contamination during certain phases 
of the tests. 

B. Media . — Blood agar, beef -heart infusion agar, and meat infusion 
agar were used, all in significant numbers. Inasmuch as no numerical 
differences were found, infusion agar was employed almost exclusively, 
except for the frequent use of blood agar as an indicator to reveal the 
types of organisms present. 



C. Masks Tested . — These included six types of surgical masks in 
common use in various hospitals. Some of these were plain six- or 
eight-plv gauze masks, while others had rubber or celluloid shields 
between the layers of gauze, as recommended by Blatt and Dale 2 and 
N\ alker. 28 The gauze used in these masks did not contain fewer than 
32 by 28 threads to the inch when new. After the masks had been 
aundered several times the mesh became considerably finer due to 
shrinkage. Although they varied somewhat in design, all of the masks 
"ore large enough to cover adequately the nose, mouth, chin, and 
cheeks. Adjustable metal strips were employed in some of the masks to 
ensure a snug fit over the nose. In one instance the mask was incor- 
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pointed in the hood which covered the head, i'ace, neck, and shoulders, 
and left only the eyes (exposed. Two widely sold commercial masks were 
also tested. One oi these was an impervious paper mask, and the other 
contained a special celiucotton tiller between layers of fine gauze. In 
addition to the surgical masks, three industrial respirators were tested.® 
Many of the masks were tested after having been worn in the operating 
room from one to four hours. 

0. Subjects. — Forty-one different subjects were used, most of them 
more than once. They included doctors, nurses, medical students, and 
laboratory technicians, all accustomed to wearing masks. 

F. Procedure . — 


1. Control: The rubber diaphragm was scaled and the door closed. 
The sterilizing ultraviolet lamp was turned on and left on for fifteen 
minutes, at the end of which time four Petri plates were placed in the 
chamber surrounding the centrifuge intake. Twenty cubic centimeters 
of melted meat infusion agar were then poured into a Wells tube, which 
was placed in the centrifuge. The centrifuge was turned on and the 
speed was regulated so as to draw a constant amount of air (23 cubic 
feet in fifteen minutes) through the centrifuge. The ultraviolet light, 
which had been left on during these procedures, was now turned off, and 
the negative pressure created within the chamber by the centrifuge was 
compensated by the continued introduction of compressed sterile air in 
amounts adequate to maintain the pressure within the chamber at at- 
mospheric level. At the end of fifteen minutes the centrifuge tube and 
plates were removed. This constituted a check on the sterility of the 
incoming air, the efficacy of the ultraviolet light, and the integrity of 
the system. The tubes and plates rarely contained over a total of five 
colonies, usually one or two, and frequently none. 


2. Tests on Subjects: The subject’s head was covered with a clean 
bathing cap. A sterile hood was placed over this. The hood covered 
the head, neck, ears, and shoulder’s but left the central portion of the 
face exposed. The ultraviolet light was turned on, and the seal on the 
diaphragm removed. The diaphragm and the hands of the subject aud 
orator were cleansed with 70 per cent alcohol and the subject’s head 
!■ introduced carefully into the chamber through the diaphragm. The 
o- fit of the diaphragm around tire neck of the subject sufficed to 
SUU '° tain an airtight system. The procedure from this point was similar 
nuul ) 1 o £ t j ie CO ntrol test. Four fifteen-minute tests were made with 
to tna These were (a) quiet breathing without a mask; (b) 

talking without a mask; (c) quiet breathing with a mask; (d) talking 


with a i - test 0 f the system routinely followed (b) because 

A second e atest contamination occurred. Between each phase 

in this phase 1 <= ■ , , meaI1 s of the ultraviolet light. The sub- 

t) ,„ chamber was steiitmea o.> 

ruo J v,'erc tile Dustfoe Respirator of the Mine Safety 

, anstrial respirators test 0ptical Company Dust Respirator. R-0100, anil 

•The 111 11 Company, the r ndu rial Respirator No. 7S0, slightly modified. 

Products, Inc., 
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jeet always talked and breathed directly at the plates and centrifuge 
intake. Controls on two possible sources of contamination other than 
the respiratory tract were required. These sources were the introduc- 
tion of the subject’s head and the introduction of the plates. Numerous 
special controls on these two possible sources of contamination proved 
them to be of negligible importance. 

In about one-fourth of the tests the experimental order was altered. 
The masks were used during the first two phases of the experiment, 
and the subject was tested without a mask during the last two. This 
was done to make certain that the variations observed in the four tests 
were real, and that they were not the result of the experimental order. 
In other words, did talking or wearing a mask for fifteen minutes affect 
the respiratory tract in such a way that the number of bacteria ex- 
pelled subsequently would be increased or decreased? Because many 
individuals breathe through the mouth while wearing a mask, a series 
of control tests was conducted with tire subject breathing quietly through 
the mouth rather than through the nose. Neither the sequence of the 
tests nor the act of breathing through the mouth instead of the nose 
had any influence on the results. In eight tests the entire floor of the 
chamber was covered with Petri plates. This required twenty-four 
plates. By computing the total area of the twenty-four Petri plates 
and the area of the floor, the total plate count could be translated into 
an estimated total number of droplets falling on the entire chamber 
floor. The averages of the four central plates surrounding the centri- 
fuge intake was compared with the averages of the entire twenty-four 
plates, and it was found that no significant difference existed. It was 
discovered that while four plates could be introduced without contam- 
inating the chamber, the introduction of twenty-four plates could not 
be accomplished aseptieally. Because of this, and also because of the 
expense and trouble involved in the use of twenty -four plates, their 
use was discontinued, and the total count of four plates was corrected 
so as to represent the total floor area. This corrected total is the value 
used throughout the data. 

F. Bacteria, — Staphylococcus alb us. Staph, aureus , Micrococcus catar- 
rlialis, Streptococcus nonhemolyticus, Str. viridans, diphtheroids, gram- 
positive aerobic bacilli, and other bacteria were recovered. No accurate 
protocols were kept with regard to types of organisms, because the 
study was primarily concerned with a quantitative determination of 
the efficiency of masks. 

II. Tests . — Over 100 tests were made, plus many special tests, to 
check the various possible sources of error mentioned above. Of these 
tests 44 were selected for tabulation as satisfactory from the point of 
view of controls, inclusion of all phases, etc. (Table I). 

II. Data . — The data were cheeked statistically and found to he sig- 
nificant. 6 


*W<- arc imk'bt.-il to Dr. J. H. Watkins, of tlie Department of Public Health 
our C <lata !VCrSlty Sch0Ql of l n>Jietnc. for assistance in the statistical evaluation of 
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MncUMtM In thii tjvblc are only ttU tests of surgical masks ami ll tests of industrial 
masks. These tests ure complete In sill phases. Sixty sulilitiona) satisfactory tests 
are not tabulated because the uniformly low counts In quiet breathing with or with- 
out musks caused us to omit those phases. The values In the talking phases of the 
tests are in every way similar to those tabulated above. 


JXTEHMtETATIOX OF DATA 

For each of the four tests given (namely, quiet breathing with and 
without a mask, talking with and without a mask) two values were 
obtained. The Wells centrifuge tube counts reflected general atmos- 
pheric contamination by the tiny droplets and droplet nuclei which did 
not fall to the floor of the chamber. This has been termed indirect 
contamination. The plate counts represent the number of heavy drop- 
lets which fell upon the Petri plates. This is direct spray contamination 
as toward an operative field and has been termed direct contamination. 


RESULTS 

Quiet Breathing and Talking Without Masks. — Two well-known facts 
re-emphasized by this investigation were: (a) the small number of 
bacteria escaping from the respiratory tract during quiet breathing 
without a mask and (b) the great increase over this number produced 
bv talking. In quiet breathing without a mask, through either the nose 
‘ the'mouth, indirect contamination was always less than 20 colonies, 
01 , avm o-ed 8 colonies; direct contamination was always less than 
So colonies and averaged 78 colonies. In talking without a mask 
r Mveat contamination was much higher, averaging 54 colonies with 
ma , , oo 7 colonies; direct contamination was tremendously m- 

top va , U ^ v ° ran .i ng 3,247 colonies with occasional top values of 47,000. 
c.reasec , a' ° Masks.— A rather unexpected finding was an increase 

The Effec of j expe lled by certain individuals during quiet 

in the munuei ‘ wer0 W orn. Indirect contamination was in- 
breathing when . ™ n ,‘ isks in 69 per cent of the tests and by industrial 

creased by surgica ^ ^ the tests (averages: without masks, S 

respirators in * d P . mas ) {Si 19 colonies). Direct contamination was 
colonies; with surgwa^^ ^ g2 per cent of the tests and by indus- 
increased by surgica 
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trial respirators in 57 per cent of tests (averages: without masks, 78 
colonies; with surgical masks, 91 colonies) . 

On the other hand, masks were able to reduce the large numbers of 
bacteria expelled during talking to reasonable levels. Surgical masks 
decreased the indirect contamination in 65 per cent of the tests, while 
industrial respirators reduced it in 100 per cent of the tests (averages: 
without masks, 54 colonies; with surgical masks, 35 colonies) . Surgical 
masks reduced direct spray contamination in 89 per cent of the tests, 
while industrial masks accomplished this in 100 per cent of the tests 
(averages: without masks, 3,247 colonies; with surgical masks, 194 
colonies). 

The actual numbers of bacteria expelled during 44 representative 
tests are given in Table I. 

Effect of Individual Variation: Different individuals, unmasked, ex- 
hibited marked variations in the number of bacteria they expelled. 
This was manifest chiefly in the talking tests and is probably correlated 
with the manner of speaking, shape of the mouth, respiratory tract 
flora, etc. It emphasizes the need of employing a large number of sub- 
jects. 

Other considerations . — No significant differences were noted when the 
masks had been worn from one to four hours preceding the tests. No 
significant differences were noted among the eight types of surgical 
masks, although a larger series of experiments with each type might 
reveal moderate differences. The industrial respirators seemed to be 
somewhat more effective than the conventional surgical masks, although 
the difference was not striking. 

discussion 

The results of these experiments indicate that contamination of the 
air by bacteria from the nose and throat frequently is lowest when un- 
masked individuals breathe quietly through either the nose or the 
mouth. Wearing of masks increases, in many instances, the number of 
bacteria that an individual expels during quiet breathing. While the 
exact cause of this increase is not clear, it may be due to the increased 
nasal secretion which masks cause in many individuals. If absolute si- 
lence could be maintained in the operating room, the use of masks 
would not be necessary. In practice this presents certain difficulties. 
Pool and Bancroft 34 have shown, however, that the use of signals will 
minimize the amount of speech required in the operating room, and 
Uicse 3G has advocated a silent operating room routine. Inasmuch as 
absolute silence in the operating room may not be practical, precau- 
tions must be taken to prevent the escape of bacteria from the mouth 
during the act of talking. It is for this purpose that masks have their 
greatest value. During talking surgical masks reduced the direct spray 
contamination in 89 per cent of the present tests blit did not eliminate 
d- Surgical masks reduced the indirect or droplet nuclei contamination 
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m only tip per cent of the tests, but since the total number of bacteria 
expelled in the form of droplet nuclei is far less than the number ex- 
pelled as droplets, this is not of "rent significance. 


there are several reasons lor (he failure of surgical masks to restrain 
all the bacteria. In the first place, it has thus far been impossible to 
construct a filter capable of preventing the passage of all bacteria with- 
out making it so resistant to the passage of air that breathing through it 
is arduous.- 1 In the second place, it is difficult to fit a mask to the 


face in such a way that air does not escape around it. These two 
difficulties are accentuated in most surgical masks as the gauze cus- 
tomarily used in their construction is a poor filter and they are fre- 
quently so small that they cannot be made to fit the face properly. 

The commercial respirators are superior to the average surgical mask 
probably because they contain more efficient filtering material and are 
designed to fit the face snugly. If properly used, they undoubtedly pro- 
vide fairly efficient protection. Unfortunately, these respirators possess 
certain faults which will probably prevent their adoption for use in 
the operating room. They are uncomfortable to wear and are difficult 
to sterilize. It is absolutely essential that these respirators fit the face 
snugly, for if air escapes about the sides, they become dangerous sources 
of contamination. The problem of maintaining the respirator tight 
against the face is made difficult by the fact that they are being used 
for a purpose which is exactly the opposite of that for which they were 
designed. In industry these respirators serve to prevent the inhalation 
of dust from the air, while in surgery their purpose is to prevent the 
escape of bacteria into the air. As the industrial worker inhales, the 
resistance offered by the filter to the passage of air results in the develop- 
ment of negative pressure within the respirator. This allows the atmos- 
pheric pressure to press the respirator more closely to the face. The 
worker then exhales freely through a valve. On the other hand, with 
the valve reversed, the surgeon exhales through the filter and its re- 
sistance to the passage of air allows a positive pressure to develop within 
the mask which tends to blow it away from the face. The avoidance of 
talkin' 1 -, then, is the most practical method yet devised to prevent the 
ane°of bacteria from the nose and throat. This, so far as it is possible, 
Mother with the use of efficient masks to guard against the contam- 
■° S fon produced by occasional necessary remarks will serve to reduce 
^t 1 unination of the air from the nose and throat to a low level. 


SUMMARY AND CONCLUSIONS 


l \ method of testing masks under conditions of actual use is pre- 
sented. individual breathing quietly through either the nose 

3 . An "»'”f “1,,™ 7 fe, bacteria into the air. 
or mouth expels . individual talks, he expels large numbers of 
3. When an unmasiwu 

bacteria into the air. 
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4. The direct spray contamination of talking is greatly reduced by 
wearing a mask but is still higher than that of quiet breathing without 
a mask. 

5. Conventional surgical masks are grossly inadequate, as they allow 
large numbers of organisms to escape through or around them. 

6. The avoidance of talking is, at present, the most satisfactory method 
of preventing the escape of bacteria from the nose and throat of mem- 
bers of the operating room staff. 
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A METHOD TO FACILITATE PROMPT RECOGNITION OF AN 
ESOPHAGEAL DIVERTICULUM AT THE TIME 
OF OPERATION 

Sidney Israel, M.D., Houston, Tex. 

D EGAUSE of the relationship, size, and location, it is not always the 
^ easiest matter to recognize certain types of esophageal diverticula 
as they present themselves through the incision in the neck at the time 
of operation. 



1. — A reconstruction of a diverticulum, using two pieces of human esophagus, 
inv diverticulum was injected with methylene blue solution. One can readily see 
the contrast between the normal esophagus and the stained diverticulum. 

I saw a patient who had submitted to two different operations for the 
cure of the same pulsion diverticulum. The fact that the diverticulum 
was not corrected at the first operation was obviously due to failure to 
recogni ze the sac in its entirety. Because of this experience, the thought 
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suggested itself that, ii‘ .some method could be utilized to render the 
diverticulum more visible or more easily recognized and its extent and 
point of severance more readily identified, a forward step would be 
realized in surgery in this locality. 

With this in mind, a patient with a small pulsion diverticulum of the 
esophagus was given, just prior to operation, 2 dr. of a strong solution 
of methylene blue, approximately 2 to 5 gr. to the dram. This was 
instilled on the back of the tongue with a medicine dropper. The patient 
was instructed to swallow the thud and to take nothing additional by 
mouth. The operation proceeded. The esophagus was exposed and the 
diverticulum, which contained the methylene blue solution that had been 
swallowed, sprang into view as if it had been electrically illuminated. 
The sac was easily recognized and outlined. The base as it sprang 
from the esophageal lumen was promptly grasped and severed. One 
knew that the severance of the entire sac had taken place and the loca- 
tion thereof because of the vividness of the color of the interior of the 
esophageal wall after excision. The stump was properly dealt with and 
the operation proceeded without further ado. 

This method has proved valuable in dealing with diverticula in this 
locality. It is an assurance not only to the surgeon, but also to the pa- 
tient, that the entire diverticulum is corrected, because of the ease with 
which it is made visible by the methylene blue instillation. 



THE INCIDENCE OP APPENDECTOMY 
lx Poor Unrelated Population Groups 
Raymond E. Buirge, M.D., New Hampton, Ia. 

(From the Department of Surgery of the University of Minnesota Medical School, 

Minneapolis, Minn.) 

W ANGENSTEEN 1 has stressed the importance of appendicitis as a 
public health problem. In 1935 there were 16,112 deaths from this 
disease in the United States (mortality statistics, U. S. census). The 
same source of statistics indicates that, when the younger age groups are 
considered, appendicitis is found to be uniform throughout these years 
as one of the agents of death which exacts a high toll. In 1935 it ranked 
as the fifteenth most important cause of death, including all ages. 

Collins 2 reported upon the incidence of appendectomy in the United 
States Army and Navy for two periods as follows : U. S. Army, 1908- 
1912; 3.1 per 1,000; and 1933-1935, 10.1 per 1,000; U. S. Navy, 1908- 
1912, 5.1 per 1,000; and 1933-1935, 13.7 per 1,000. These figures repre- 
sent selected classes with respect to age, sex, state of health, and avail- 
ability of surgical service. Many reports from hospitals are recorded, 
but these are selected as to state of health, and in addition such records 
have no data on population to which the operations can he related for 
the computation of rates and therefore give little indication of the 
number of operations that occur in the general population. 

Collins, 3 reporting on the frequency of surgical procedures among 
9,000 families, disclosed removal of the appendix as the third most fre- 
quent operation performed (5.24 per 1,000). 

Because appendicitis is such a common and serious disease, and be- 
cause the number of physicians specializing in surgery and the number 
of major operations being performed annually is greatly increasing, it 
was thought desirable to know how many persons have been appendeeto- 
mized in some groups of the general population. 

SOURCE AND NATURE OF DATA 

The data are from nonhomogeneous groups collected by means of in- 
vestigation forms 4 which were developed from experience, consequently 
with accompanying errors inherent in trial-aml-crror methods. The 
data as collected were limited to the individual's age at the time of inter- 
view, the sex, and whether or not the person had had appendicitis; and, 
if appendeetomized. the age at the time of the operation, the number 
of attacks prior to the time of the operation, and the results attending 
appendectomy. A total of 27,242 persons were canvassed from four un- 
related groups of the general population. 

A. CCC Personnel Seventh Corps Area . — The eases analyzed in this 
group were collected from the Minnesota-North Dakota district of the 
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Swell ill Corps Area, Fort Swelling, Minn., from Dec. 9, 1935, to March 
L(i, 1936. All data were secured through the willing cooperation of 
Lt. Col. J. \Y. Sherwood, M. 0., District Surgeon, now located at Fort 
Slocum, N. \ ., to whom gralclul acknowledgment is made. Question- 
naires were addressed to camp surgeons who made the necessary in- 
vestigations. The care and accuracy which uniformly characterized the 
completed reports are worthy of special acknowledgment to all those 


concerned. 

In this group of 10,589 persons the ages ranged from 16 to 71 years, 
9,637 enroliees being from 16 to 30 years of age. From this group 539 
appendectomies were reported; approximately 52 per cent were operated 
iilion following the initial attack, 21 per cent had suffered one previous 
attack, and 27 per cent had more than three attacks prior to appendec- 
tomy (Table I). There were 9,S09 persons without a record of ap- 
pendicitis (92.6 per cent) ; 780 (7.4 per cent) had a history of diagnosed 
appendicitis; of these, 539 (5.1 per cent) were appendectomized, or 69.1 
per cent of the group with appendicitis. 


Table I 


Percentage Distribution, Accordino to Groups, op Attacks op Appendicitis 
Prior to Appendectomy in 2, .130 Cases 


NO. OF ATTACKS 

1 

O 

3-10 

MANY 

INNU* DATA IN* 
MERABLE COMPLETE 

CCC personnel 


21.0 

22.0 

4.0 

1.0 

- 

Hospital admissions 

30.3 

0.1 

21.1 

7.0 

5.0 

18.5 

Nurses 

55.S 


14.0 

- 

— 

- 

School group 

tiO.3 

10.S 

27.4 

1.6 

- 


Combined groups 

Sl.S 

17.8 

21.1 

3.2 

1.5 

4.0 


B. School Children . — Eight thousand nine hundred and eighteen 
school children were interviewed. One group of 8S0 persons reported 
individually on forms supervised by the teacher, the school nurse, or the 
parent. In another group of S,03S school children the data were col- 
lected on forms by the teacher. Both methods proved satisfactory for 
the purpose intended. 


In the Waterloo, la., group of 8,038 persons, aged 5 to 20 years, 3,921 
were females, 107 of whom reported an appendectomy; 4,117 were males, 
95 of whom reported an appendectomy. In the Cedar Falls, la., group 
f S80 the females numbered 460 with 12 appendectomies, and 420 males 
° rjorted 8 appendectomies. In the entire group 435 (4.9 per cent) in- 
t es of appendicitis occurred; of these, 213 (48.9 per cent) were 
twed by measures other than appendectomy. 

n TTosoital Group.— In this group 7,585 hospital patients were rater- 
C- * . , c j el ,]- s _ The group has been treated as combined sexes, 

viewed b} c nuc portion of the data was collected without dis- 

as unfortunately a y 


tinctiou as to sex. „ g aV e n0 ])j s tory of appendicitis, while 

Of this selecte S* had' appendicitis, of whom 1,526 (20.2 per cent) 
2,116 (28 per cent) had na 
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had been appendeetomized; however, 106 appendectomies were in- 
cidental to some other abdominal operation. In this group 590 cases of 
appendicitis were treated without operation. 

D. Nurses . — A group of 150 nurses at the University of Minnesota 
Hospitals reported 46 instances of appendicitis; 43 had been appendec- 
tomized (28.7 per cent). 

NUMBER OF ATTACKS PRIOR TO APPENDECTOMY 

Table I indicates that over one-lialf of 2,330 persons operated upon 
for appendicitis were operated upon after the first attack and over one- 
fifth suffered three to ten attacks prior to appendectomy. Although the 
data are incomplete, it can be pointed out that appendicitis manifests 
itself first, in many instances, several years before appendectomy; there- 
fore, the specific age incidence of the disease is not accurately repre- 
sented by the age at the time of appendectomy. 

Table II 


Numerical Distribution by Age Groups of Appexdeotomized Individuals in 
Four Unrelated Groups of White Persons 


SCHOOL GROUP 

CCC CAMPS 

HOSPITAL 

GROUP 

NURSES 

2 2 

< z £ 
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6 "Z 
z < 

z 
x 2 

£ 5 

Z X 
o n 
x o 

Z 3 

x 

5 1 

a § 

1 = 1 
§2 ?. < 

z 

X 2 
< < 

> 2Z 

z I 

x 5 

i 2 

02 

JS 

o 

§ 

5 § 

6 £ 
Z 

z 

£ 2 

II 

II 

1 : 

3 c 

> 

-A 

r’ 

2 

d 

z 

yi 

IS 

p 

S 

o | 

d £ 
z ^ 

z 

02 g 

< < 
« > 
>* ~ 

i 1 

g o 

Z c 

All ages S,9IS 

222 

102,002 

10,5S9 539 

242,762 

7,541 

1,482 

2S4.695 

150 

43 

3,305 

0- -i yr. 


44,581 


52,931 

12S 

1 

37,3S7 



750 

o- 9 yr. 3,272 

39 

36,563 


52,7S0 

111 

4 

36,6S5 



743 

10-11 yr. 3,S70 

101 

18,S8S 


52,430 

121 

U 

/» 

35.7S4 



715 

la-19 vr. 1,774 

SI 

2,509 

3,665 162 

47,927 

500 

54 

33,327 

14 

3 

059 

20-24 vr. 2 

1 

1 

4,902 231 

19,105 

S09 

149 

2S.3S6 

93 

26 

317 

2o- 29 yr 



1,070 SI 

0,267 

096 

16S 

24,123 

34 

12 

S9 

00-34 yr. 



121 13 

4,IS7 

0S5 

175 

20,567 

7 

1 

24 

vr. 



1S7 13 

3,415 

639 

178 

17,453 

i 

- 

7 

10-44 yr. 



306 12 

2,174 

615 

210 

14,794 

i 

1 

i 

15-49 yr. 



214 20 

1,015 

600 

174 

12,155 




aO-54 yr. 



70 3 

341 

617 

123 

9,457 




55-59 y r . 



34 2 

133 

559 

101 

6.S90 




60-64 yr. 



15 2 

44 

515 

75 

4,640 




Over (55 vr. 



5 0 

13 

760 

67 

3,035 





frequency of appe.ydecto.uy in the whole group observed 


Tiie basic data used in this study are given in Table II. The numbers 
>n some age groups are too small to indicate dependable age variations, 
mt are included for reasons of completeness. 


In each instance the person interviewed observed certain experiences 
o\er a period of years up to the time of questioning. The 27.19S persons 
represent a total of 633,364 person-years of observation. The frequency 
distribution, by age groups, of 2,2S6 appendectomies as found in 27,19S 
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persons is shown in Table Ilf. The greatest number of appendectomies 
occurs in the decade from 15 to 24 years. 


Table III 


Frequency Distribution nv Ace Groups of 2,280“ Appenuectgmies Occurring in 

27,10S White Persons 


age group 

COM }! INK b 

groups 

HOSPITAL* 

ADMISSIONS 

CCC 

CAMPS 

NURSES 

SCHOOL 

GROUP 

All ng C3 

2,2 SO 

1,4S2 

539 

43 

000 

■ .. ' MglBra 

32 

S 

11 


13 

5- 9 yr. 

1S1 

41 

48 

3 

so 

10-14 yr. 



99 



15-19 yr. 

502 


211 

11 


20-24 yr. 

41 S 

281 


17 


25-29 vr. 

243 

218 

25 



30-34 yr. 

171 

102 

S 

1 


35-39 yr. 

122 

113 

S 

1 


40-44 vr. 

100 

101 

5 



45-19 yr. 

00 

02 

4 



50-54 yr. 

42 

42 




55-59 yr. 

25 

25 




00-04 yr. 

7 

7 




Over 05 yr. 

0 

2 





♦In 1! cases the ape at the time of appendectomy was not recorded and these 44 
cases, therefore, have not been included in these data. 


For the total 633,364 person-years of observation there were 2,286 
appendectomies, an annual rate of 3.61 operations per 1,000 persons 
interviewed. The age incidence shows two peaks (Table IV), one be- 


Table IV 


(Annual 

Population 

Operation 

Groups 

Kate per 

1,000) 


OMBINED 

GROUP 

HOSPITAL 

ADMISSIONS 

CCC 

GROUPS 

NURSES 

SCHOOL 

GROUP 

3.01 


mem 


2.15 

0.24 

0.21 

0.21 


0.29 

1.42 

1.12 

0.91 

4.04 

2.42 

2.S7 

3.07 

1.S1 

13.99 

4.76 

0.05 

9.30 

4.40 

16.69 

11.68 

S.74 

9.90 

6.03 

53.63 


7.97 

9.04 

3.99 



6.90 

7.S8 

1.91 

40.S2 


5.84 

6.47 

2.34 

133.33 


6.25 

6. S3 

2.30 



5.09 

5.10 

3.94 



4.29 

4.44 




3.56 

3.63 




1.49 

1.51 




0.66 

0.60 





age group 


Alt ages 

0- 4 yr. 
o- 9 yr. 
10-14 yr- 
15-19 yr.. 
20-24 yr. 
25-29 yr. 
30-34 yr. 
35-39 yr. 
40-44 yr. 
45-49 yr. 
50-54 yr. 
55-59 yr. 
60-04 yr. 
Over 05 


yr. 


00 and 24 years and one between 25 and 29 years. The appendcc- 
tween - ", , on ibined group is included although the groups are 

The CCC group and the school group, in a statistical 
elected from the general population and may reasonably 


tomy rate for the eon 

not homogeneous 
sense, were 


indicate the appendectomy 
general population. 


, ra te as it occurs in those groups within the 
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COMPLICATIONS ATTENDING APPENDECTOMY 

Rea and Kleinsasser 5 reported the end results following removal of an 
“inactive” appendix, the presence of other lesions causing right lower 
quadrant pain having been excluded by careful examination. In a series 
of 143 patients from whom an inactive appendix was removed, 102 re- 
plied by letter or were examined in the clinic as to their condition since 
operation. Continuation of the same or other symptoms was reported 
by 12, while 73 patients who had been operated upon were well four 
or more years (78,1 per cent). 

In a group of 1,9S9 appendectomies, 79 per cent of the persons re- 
ported complete recover y following appendectomy (Table V). In the 

Table V 


Results Attending Appendectomy in 1,989 Cases op Appendicitis 



COMBINED 

1 HOSPITAL 

CCC 

NURSES 

RESULTS 

GROUPS 

GROUP 

CAMPS 


NO. 

% 

1 NO. 

% 

NO. 

1 % 

NO. 

% 

Well 

So relief 
Abdominal paiu 
Adhesions 
Enterolysis 
Intestinal ob- 
struction 

Hernia 

Obstipation 

Wound infection 
Peritonitis 

Fistula 

Pyelitis 

Abscess 

P a ta incomplete 

TVfoi — ~ — 

1,567 

4 

117 

71 

12 

12 

28 

6 

21 

7 

9 

2 

0 

128 

7S.S 

0.2 

5.9 

3.6 

0.6 

0.6 

1.4 
0.3 
1.1 
0.4 
0.5 
0.1 
0.2 

6.4 | 

1,067 

4 

84 

71 

12 

12 

16 

6 

14 

3 

3 

128 

75.1 

0.2 

5.9 

5.0 
0.8 
O.S 

1.1 
0.4 
1.0 
0.2 
0.2 

9.0 

457 

33 

12 

7 

4 

6 

2 

5 


43 

100.0 


um 

100.1 

1,420 

99.7 

526 

I 99.4 j 

43 

100.0 


oioup of nurses all were well after appendectomy; 10 appendectomies 
'ad keen performed within a year of the interview, while 26 of them 
•ad been performed from five to sixteen years previously. The greatest 
number (86.9 per cent) remaining well after appendectomy were in the 
c group; whereas, 16 per cent of the hospital group reported residual 
s >niptoms, another 9 per cent did not report their state of health. 

COMMENTS 

In the heterogeneous group of 27,242 persons appendicitis was re- 
ported as occurring in 3,377, or 12.4 per cent (Table YI). Appendec- 
°®| was Performed in 2,330 eases (S.6 per cent). 

e )' a te of appendectomy for the separate and combined groups was 
determined on the basis of 633,364 person-years of observation. The 
th° la ^ e annua ^ ra t e °f appendectomy was found to be 3.61 for the en- 
groiip. In 44 instances the age at the time of appendectomy was not 
recorded; therefore, these eases were not included in the annual rate of 
Appendectomy. 
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Table VI 

l-’mjUENCY DlSTHWVTWS OF A I’J-E.YDICrriS IN' i’OUU. UN BELATED G BOW'S (1930-1937) 
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A more rational view of this important surgical problem is gradually 
being disseminated. Wilkie 9 for many years called attention to the fact 
that clinically and pathologically there are two varieties of appendicitis, 
one of the infectious variety and the other of the obstructive variety 
(essentially a closed-loop intestinal obstruction). 

In this clinic during the past few years a consistent effort has been 
made by Wangensteen and his co-workers 10 ' 11 to evaluate the significance 
of the obstructive factor in the genesis of appendicitis by experiments 
on animals and similar careful observations in man. In general this 
work substantiates the obstructive factor as the most important and com- 
mon factor in the etiology of aeute appendicitis. 

Clinically there do not appear to be any reliable measures by which 
one can distinguish the pathologic changes within the appendix which 
are primarily due to an obstructive mechanism with its sequence of 
events as described by van Zwalenburg and more directly emphasized by 
Wangensteen and Bowers, or the changes within the appendix attend- 
ing parietal infection without evidence of an accompanying mechanism 
of luminal obstruction. The thesis of a primary parietal appendicitis 
appears to be less likely as further studies 19, 30 have revealed an increas- 
ing number of anatomical and physiological mechanisms of appendical 
lumen obstruction. 


A microscopic study of the disposition of muscle fibers at the site 
°f the appendieoeeeal union revealed no evidence of a true ceeoap- 
pendieal sphincter. However, a variable number of muscle fibers were 
ound to be blocked on the medial or ileal side of the appendieoeeeal 
muon in approximately 60 per cent of 250 specimens examined. Dis- 
section of the taeniae eoli at this junction discloses the structural re- 
quirements of an irislike diaphragm 21 capable of dynamic or adynamic 
approximation of the appendical lumen. 

In approximately 30 per cent of cecoappendical junctions examined 12 
m \alue of Gei’lach and Nanninga’s mucosal fold were present and 
ma \ encourage the stagnation of infected appendical contents by com- 
P cte or incomplete obstruction of the cecoappendical orifice. This ob- 
tuc ne mechanism is seldom, if ever, ascertained by the surgeon and 
a > veil be present in those instances where no evidence of obstruction 
•' iounfi to have been present in the appendix after its removal, 
j J he l °f delaying operation in the hope that parietal appendical 
^ animation will resolve or that a primary obstructive appendicitis will 


•'dent 


observation 


is a procrastination and unwarranted risk which even under 


m a hospital should not be undertaken lightly. 


SUMMARY 

. ^tyseven thousand two hundred and forty -two persons were in- 
. 3,377 gave a history of diagnosed appendicitis; 2,330 were 

a Ct * by appendectomy. 





THE SUBGICAL SIGNIFICANCE OF ABDOMINAL WALL PAIN 

Donald W. Smith, JIB, Miami, Fla., and William Bates, M.D. 

Philadelphia, Pa. 

a BDOMINAL pain is one of the most important symptoms inthe pxac^ 

A tiee of medicine, but, because of its subjective na ui , ^ al 

undependable. The variations in individual sensitivity an 
ability to describe the pain as to severity, duration, location xadia ion 
and its association with other symptoms provi e a c an 
which may he eliminated by the elicitation and careful mterpretatn m 
tenderness. Misinterpretation of this important sign is ^sponsible io 
many diagnostic errors, the most common of uluci is ^ 
recognize its existence in the abdominal wall 01 pant es 1a 
intra-abdominal viscera. . 

We readily consider and deteet intercostal nemalgia bi t ! 
chest wall, and yet we commonly fail to eonsidei t e possi 11 J 
tect the presence of the same condition elsewhere. * 3 ;n ea o : 

surface may be involved in this sensory disturbance, and bs diagnos 
usually depends upon its differentiation from pathologic <*an 0 es 
some underlying viscera. Upper cervical trunk neuiagias iaie 
mistaken for intracranial, mastoid, and sinus lesions Involvement o 
the lower cervical and upper thoracic trunks pro ucm 0 a nac 
neuralgia have been diagnosed as subdeltoid 01 su aeiomia lurs , 
sprains, periostitis, bone tiunors, and cervical libs, i eura 0 ia o 
fourth to sixth thoracic trunks may simulate pleuiisi an mas is, 
on the left side, cardiac pain, especially when filaments from the fourth 
trunk entering the brachial plexus may send painfu stimu imo 
arm. The lower six thoracic spinal nerves and the first two lumbar 
nerves constitute the entire innervation of the abdomina \\a , an . 
volvcment of these trunks may simulate lesions of any mtra-abdommal 
viscera. 

Because of the greater frequency of spinal injuries and of chrome 
postural trauma in the lower thoracic spine, neuralgia of the abdomina 
wall, or parietal neuralgia , 1 is probably the most fiequent tjpe. ure 
to differentiate an abdominal wall neuralgia from disease of an mtra- 
abdommal viscus accounts for the majority of operative failures in winch 
pain is the chief symptom. 

For rears we have been taught that pain in the abdominal wall is 
always a viscerosensory reflex, or a higher sensory neuron manifestation 
of visceral pain. This phenomenon, first described by Ross- in 1 SSS and 
during the following decade by Mackenzie , 1 Head . 1 Sherren , 5 and others, 

Uioiv.-il fur iiubllcritli.n. May II. 19 10. 
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TJie observed animal appendectomy rate was 3.61 per 1,000, 
.Seventv-nine per cent of f lie appcndcctomized individuals reported 
a complete recovery. 

It Is desired to recognize the Inestimable assistance of Sirs. Bee Thayer Buirge. 
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of his patients over 40 years of age had hypertrophic arthritis of the 
spine, that 31 per cent of these had evidence of nerve root pressure, and 
that 25 per cent of these were operated upon for visceral disease with- 
out relief of their symptoms. Freedman 18 stresses toxic neuralgias in 
reporting 42 operations for appendicitis in children during an epidemic 
of upper respiratory infections. Davis 17 examined 250 hoys and girls 
with abdominal pain and found that only 9 per cent were due to intra- 
abdominal lesions. 

In a study of the correlation between postural trauma and abdominal 
pain, one of us examined 11 0 nurses in various stages of training. Forty, 
or 36 per cent, had some form of spinal abnormality, the most common be- 
ing a functional scoliosis due to a short leg. Fifty per cent of this group 
presented evidence of spinal nerve root pressure or irritation demon- 
strated by a hyperalgesia over the corresponding nerve distribution. 
The associated neuralgia was twice as frequent in the graduate nurses as 
in those recently entering training, indicating a definite relationship to 
postural trauma. Six, or 30 per cent, of those with root symptoms were 
operated upon for chronic appendicitis, one for cholecystitis and again 
for adhesions without relief of pain. Later studies in this group revealed 
no further development of neuralgia in those whose postural defects 
were corrected early in training. 

ETIOLOGY 

As pointed out by Carnett, 26 Bates, 13 ’ 21 and Goldthwait, 18 the most 
frequent cause of neuralgia of the abdominal wall is some form of 
spinal abnormality causing inflammation about, or actual pressure on, 
the spinal nerve root. The structural scolioses, injuries, disease, and 
tumors of the spine constitute definite orthopedic problems, and root 
symptoms, when present, are readily recognized. The accentuated or 
loss of lumbar lordosis, 21 the spiual strain of a fat-weighted abdomen, 22 
and functional scolioses that usually escape the orthopedic surgeon con- 
stitute the majority of so-called postural neuralgias. These mild func- 
tional scolioses are most commonly compensatory to a tilted pelvis due to 
a short leg. 20 Because of the absence of backache or a limp, this may 
go unnoticed, and, when recognized, its significance may be overlooked. 

The articular facets which form part of the intervertebral foramen are 
nearly vertical in the lumbar region and impinge move forcibly upon 
one another in lordosis. This strain of the articular processes has been 
shown by Goldthwait and others 18 to produce a chronic inflammatory 
reaction with definite irritation to the emerging nerve trunks either from 
the inflammatory reaction or from actual bony narrowing of the foramen. 
In scolioses they may impinge only on the concave side of the curvature 
nnd, therefore, in a compensatory scoliosis neuralgia may be bilateral, 
nt the concavity of both curvatures, thus producing pain in the left 
chest and right abdominal wall. The frequent development of a spinal 
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soon became widely accepted. The zones of somatic reference were de- 
scribed on the basis of embryonic development by Head* and later were 
charted by ELsbcrg and Ncuhol ' 11 with minor changes in their distribution. 
Superficial pain in these regions for a time was considered to be diag- 
nostic of lesions of the corresponding underlying viscera. However, the 
closer elinicopathologic correlation of more recent years has failed to 
bear out this constant relationship between intra-abdominal lesions and 
superficial pain, and a state of confusion has developed regarding its 
significance. 

The majority of cases of abdominal wall pain and tenderness 
are definitely not associated with intra-abdominal, lesions. Elsberg 
and Neuhof 0 erroneously reported a case of Pott’s disease with spinal 
nerve root symptoms as chronic appendicitis with a viscerosensory reflex. 
Livingston , 8 Cope,” and other staunch supporters of the viscerosensory 
reflex theory admit the “occasional” absence of intra-abdominal lesions 
at opei’ation, but without explanation for this occurrence. 

In discussing the persistence or return of these supposed referred 
pains postoperatively, Po t tenge r 10 attributes them to an injury of the 
sensoiy neuron by the recent inflammatory lesion, thereby permitting 
an unphysiologic response to subelinieal stimuli. Others attribute them 
to abdominal wall aponeurotic strains, neuromas, or adhesions. Alvarez 
and Gibson 11 dismiss them as neurotic manifestations. The willing- 
ness with which these patients will submit to operation after operation 
in a futile attempt to obtain relief from abdominal pain is evidence of a 
genuine complaint, and the repeated operative failures are sufficient to 
warrant their becoming neurotics. 

We recently examined a “neurotic” woman with a fecal fistula which 
resulted from an operation for adhesions. She had had three previous 
operations, an appendectomy, salpingectomy, and cholecystectomy, and 
continued with her original complaint of pain in the right side of her 
abdomen. Examination revealed abdominal wall tenderness which was 
traced back along the eleventh and twelfth thoracic and the first lumbar 
nerve trunks to the spine where she presented a scoliosis with a super- 
imposed arthritis. This tragedy was unquestionably the result of in- 
adequate or misdirected physical examinations. 

INCIDENCE 


T1 , j ne idence of intercostal neuralgia of the abdominal wall is far 
1 , than is generally supposed. Carnett 13 considered it responsible 
greater < ^ ® cent 0 f a n gastrointestinal studies proving negative, 

for near y ^ gfJ pel . cent 0 f a p cases diagnosed as chronic ap- 
He estima e per cen t diagnosed as acute appendicitis were 

pendicitis an n pjockvrs 11 found that 7.5 per cent of his private 
intercostal neuia 0 • waP neura i g j a and that 44 per cent had 
patients had a 0 ^ ^ pa j n Cottrell 15 reported that 44 per cent 
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the table in order to contract liis abdominal muscles thereby protecting 
the underlying viscera from pressure of the palpating fingers. It should 
also include vigorously pinching generous folds of skin fascia and fat 
of the abdominal wall. Comparison with remote regions may be neces- 
sary in a suspected bilateral lesion. To avoid possible error in degree 
of pinching, an extensive fold may be grasped overlying the midline of 
the abdomen in unilateral lesions. 

The tenderness of a true visceral lesion, with the possible exception 
of peptic ideer and peritonitis, is decreased or absent to these simple 
pinch-and-poke tests. 26 The tenderness of an abdominal wall neuralgia, 
on tiie other hand, is unmistakable. It is unchanged over a voluntarily 
tensed abdomen and is readily elicited by the pinch test. It usually 
extends over a greater area than the actual pain and may involve the 
entire distribution of the nerve, parts of which may overlap the thorax 
or extremities. It may be elicited over the involved nerve trunk along 
its course between the ribs and over or just lateral to the vertebral spine 
at its level, or only at its terminal distribution on the anterior abdominal 
'rail. Regardless of the intensity of the pain, rigidity is usually absent 
as the motor fibers are rarely involved. 

NERVE BLOCK 

In a suspected coexisting visceral lesion a successful paravertebral 
procaine nerve bloek will eliminate the pain and tenderness of the ab- 
dominal wall without influencing that of intra-abdominal origin. In 
this procedure the patient lies prone with a pillow beneath the abdomen 
and a skin weal is produced at the elected site of injection, which in the 
thoracic region is 4.5 cm. lateral to the vertebral spine of the affected 
trunk. A 2-inch 20 gauge needle is inserted perpendicularly until its 
point touches the rib. Its position is then shifted downward and pushed 
h-5 to 1 cm. deeper into the intercostal space where, after the usual 
precautionary measure of withdrawing on the syringe plunger, 5 c.c. of 
- per cent procaine solution is injected. In the lumbar region a 3-inch 
needle is inserted 3 to 3.5 cm. lateral to the upper border of the posterior 
spinous process and passed inward about 4 to 6 cm., where it should 
strike the transverse process. After its depth is ascertained, the needle 
is partly withdrawn and reinserted upward over the process about 1.5 
cm. deeper where the solution is injected. In lower abdominal neuralgias 
the ilioinguinal nerve may be blocked in its course 1 or 2 c-m. above the 
crest of the ilium, deep to the external obli(|ue fascia. Perforation of 
'bis fascia resembles the click of the dura in a spinal puncture, and rigid 
fixation of the needle point against lateral motion assures its location. 
In limited terminal neuralgias with little or no trunk tenderness, simple 
infiltration about the area of tenderness is of value. A successful bloek 
is indicated by a brief period of anesthesia of the nerve distribution usu- 
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arthritis m these cases of chronic postural trauma accentuates the root 
symptoms and constitutes an annoying therapeutic problem. 

ihc acute, severe abdominal neuralgias may be due to a spinal injury, 
but they arc usually toxic in origin. They accompany or follow aeute 
upper respiratory infectious, pneumonia, other infectious diseases, and, 
rarely, appendicitis or other intra-abdominal visceral diseases. 23 With 
no apparent consideration of postural trauma Davis 17 considers most 
neuralgias to be toxic in origin, attributing them to a neurotrophic 
virus frequently present in common colds and related to that of herpes 
zoster, suggesting the possibility that zoster is frequently present but 
seldom herpetic. 

Jfusser lists sixtv-six extra-abdominal disorders causing abdominal 
pain, including all of the toxic, infectious, and traumatic causes of inter- 
costal neuralgia. 38 Tabes dorsalis, plumbism, herpes zoster, black widow 
spider bite, and diabetic acidosis may cause violent abdominal wall 
pain. 30 ' 10 

DIAGNOSIS 


The diagnosis of abdominal wall or parietal neuralgia is not difficult. 
In any case of chronic dull abdominal pain, especially with an associated 
backache, neuralgia should be considered. It must be remembered that 
the intensity and duration of pain may vary to almost unbelievable 
limits. It may be a mild soreness or an excruciating pain and may last 
for a few hours or several years. One sees the apparently normal child 
whose play is interrupted with a “stitch in the side” which disappears 
upon resting; the patient with “chronic appendicitis” whose pain 
recurs postoperatively, and the ptotic, dyspeptic, neurotic with operative 
scars and a symptom complex which may be traced back through ex- 
acerbations and remissions to youth. The persistent mild soreness of a 
chronic abdominal neuralgia may become an excruciating, stabbing pain 
of a toxic neuralgia similar in severity to that of a sciatica or tic 
douloureux and even simulating an intra-abdominal catastrophe. 23 The 
pain may involve any or all branches of one or more nerves on either or 

both sides. 

Pain being a purely subjective symptom, is, as previously stated, less 
d'able than its objective manifestation, tenderness. However, the 
Potation of tenderness by merely palpating the relaxed abdomen is of 
rub diagnostic value. It fails to differentiate between pain in the 

a* 3 ' 1 wall and in the viscera. Because the examining fingers must 

abdomuia deeply into the abdomen before the relaxed muscles 

dip m01 't °L lt counter-resistance to demonstrate the abdominal wall 
offer same exam j ne r erroneously assumes that the tenderness is 
tenderness, ■ - -within the abdomen. Further examination 

therefore deep sea 01 . fi rm ly poking against the voluntarily tensed 
should include pap* =. ige !lis j egs 01 . ] iea d and shoulders from 
abdomen, having the patien 
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of catarrhal or toxic jaundice, all contribute to an incorrect diagnosis. 
The Murphy test for gall bladder tenderness, elicited by poking upward 
below the right costal border on inspiration, is always positive in inter- 
costal neuralgia in this area. A constant pain in the gall bladder region 
unassoeiated with dyspepsia and unconfirmed by laboratory and x-ray 
studies is frequently intercostal neuralgia and constitutes the majority 
of operative failures in ehronie cholecystitis. 

Due to the anatomical weakness of the lnmbodorsal spine, neuralgia 
of the twelfth thoracic and first lumbar nerves is rather frequent . 32 The 
fact that it occurs three times more frequently on the right than the left 
side is due to the higher incidence of a left lumbodorsal scob’osis . 23 



-, — C.D.. a typical case of short left leg functional scoliosis with right twelfth 
nore ♦ intercostal neuralgia. The areas of hyperalgesia as here indicated are the 
th-i anc * adjacent vertebral spine, the upper medial buttock or sacroiliac region, 

F 1 *n\ver abdominal quadrant with maximum pain and tenderness at Vallieux 
i f ier of rect us). the area overlying Poupart’s ligament, and the upper inner 
* the thigh. Symptoms of "chronic appendicitis" were not relieved by ap- 
dnmi i J ' ten years previously. Several attacks of acute right lower quadrant ab- 
antlt 1 accompanied upper respiratory infections. A back sprain produced pain 
bv fx- I ?? < L rne ‘ ss in tlie sacroiliac regions which was unrelieved by strapping but relieved 
Lick thoracic nerve block. The chronic pain has been relieved, and the acute at- 

ks have been decreased by a heel lift to correct the scoliosis. 


The twelfth thoracic and first and second lumbar nerves form the ilio- 
inguinal and iliohypogastric nerves which supply the lower abdominal 
’•'all, and, since they, like the lower six thoracic intercostal nerves, pene- 
d'ate tlie external oblique aponeurosis at the outer border of the rectus 
dieath to enter the rectus muscle, they produce points of maximum 
•eiulerness in this region known as Yalleix points.’’ On the right side 
•bis corresponds approximately to McBurney's point. (Fig. 1.) 

Tbc most skeptical persons may usually be convinced of the nerve 
loot origin of this parietal pain and tenderness in the lower right quad- 
rant hv exploring the remaining areas of distribution of the ilioinguinal 
Ucrve. Tenderness along the inguinal branch may be elicited over tiie 
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ally followed within an hour by return to normal sensation, and fre- 
quently with the absence of pain and tenderness. In painful trigeminal, 
brachial, and .sciatic neuralgias this is an especially welcome therapeutic 
measure. The relief from pain often persists for weeks or months in 
spite of a persistent traumatic, arthritic, or malignant etiology. 

LESIONS SDIULATED 

The asthenic tj pe of ptotic habitus presents a greater incidence of 
functional scoliosis and other postural defects. 1 ® 1 The associated 
visceroptosis presents gastrointestinal symptoms which, added to the 



■« Dissection demonstrating- the Innervation of the abdominal wall by the 

i thoracic and first two lumbar spinal nerves. Their course along the trans- 

versalis muscle and their superficial (Vallieux) points of entrance to the rectus sheath 
are illustrated. 


ueuraMa, may simulate many intra -abdominal visceral lesions , 30 among 
which lire acute and chronic cholecystitis, 3r appendicitis , 31 ' 35 and sal- 
pingitis, ureteral colic of nephroptosis, and “tugging” peritoneal ad- 


hesions. 

er r ight quadrant of the abdomen is supplied by the seventh to 
l .'!lt intercostal nerves, the involvement of which may simulate 
tenth ng 1 ^ or biliary tract symptoms . 37 Pain along the eighth 

many S a ‘ afc t ) le an gi e of the scapula, viseeroptotic epigastric 

or ninth nel J® ^ obstructing ligament of Treitz, and a previous attack 
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SUMMARY AND CONCLUSION 

1. Intercostal neuralgia of any of the lower six thoracic and the first 
lumbar nerves involves the abdominal wall, and the resulting abdominal 
pain and tenderness may be referred to as parietal neuralgia. 

2. Pain and tenderness of the abdominal wall may be differentiated 
from intra-abdominal visceral pain by the simple pinch-and-poke tests 
here described. 

. 3. A viscerosensory reflex is an infrequent cause of abdominal wall 
pain. 

4, Parietal neuralgia accounts for the majority of operative failures 
in chronic appendicitis, cholecystitis, salpingitis, and other abdominal 
lesions where pain is the chief symptom. * 

5. When parietal neuralgia is present, it should be “blocked off” 
before making a diagnosis of pathology, especially in chronic eases, or 
in patients with multiple abdominal scars who complain of persistence 
of their original pain. 
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anterior portion of the iliac crest, the inguinal canal, M the labia inajora, 
and an area of variable size on the upper inner aspect of the thigh. The 
iliac branch supplies an area on the upper inner aspect of the buttock 
overlying the sacroiliac region, where pain and tenderness may he mis- 
taken for sacroiliac strain or arthritis. 33 ’ 34 

Patients with pain and tenderness in the right lower quadrant in the 
absence of rigidity, fever, and leueocytosis, constitute the majority, of 
operative failures in chronic appendicitis. 3 ® In the presence of fever and 
leueocytosis from an upper respiratory infection or pneumonia an opera- 
tion is hazardous. Many advise against operating for chronic appendi- 
citis in the absence of a previous acute attack . 3G It must be remembered, 
however, that an acute toxic intercostal neuralgia may have been super- 
imposed upon a chronic intercostal neuralgia, 33 thereby closely simulat- 
ing an acute attack of appendicitis. 

Rigidity is rare in intercostal neuralgia, but it occasionally exists and 
presents a delicate diagnostic problem; and, of course, the absence of 
rigidity does not exclude true appendicitis (Fig. 2). 


COMMENT 


The parietal nature of abdominal pain and tenderness in intercostal 
neuralgia is not always recognized preoperatively and, when recognized, 
it is frequently attributed to a viscerosensory reflex from a supposed 
visceral lesion. When the pain recurs postoperativelv, it may be at- 
tributed to malingering, hysteria, neurosis, further visceral disease, or 
adhesions. In either of the last two diagnoses the patient may be re- 
operated upon one or more times and may develop both a neurosis and 
adhesions. 

Since chronic intercostal neuralgia of the abdominal wall is usually 


aggravated by increased physical activity, it is usually relieved by pro- 
longed bed rest incidental to an operation. It is after the patient has 
resumed his physical activity and the pain recurs that the correct diag- 
nosis may become apparent. These instances of operative failures are 
reallv diagnostic errors resulting from hasty, misdirected, and incom- 
plete physical examinations. 

Iu considering intercostal neuralgia as a possible diagnosis in ab- 
dominal pain, one must be careful to rule out any possible intra-ab- 
• C 1 lesions. It would bo far better to remove erroneously a normal 
donuna^ ^ ;ll ] ow a gangrenous appendix to rupture. There is a 

appen - however, in any laparotomy and many unnecessary ones 

definite us . v ’ . ca r e fullv differentiating between infra-abdominal and 
piny be avoiaeu u.) • 

abdominal wall pain and tenderness. 

. ., majority of these eases consists merely of correcting 
Treatmen o ^ inJ - uiy the usual orthopedic measures 10 - 2S - 20 

postural deie^ ^ 2}lCC jieal management of a toxie or infectious etiology. 12 
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1UANY individuals who demonstrate an abnormality of the carotid 
sinus reflex as described by Weiss and Baker 1 and called the caro- 
tid sinus syndrome suffer only mild symptoms. There are a small num- 
ber of more severely afflicted patients in whom the characteristic symp- 
toms of vertigo, dizziness, and unconsciousness may be alarmingly 
dangerous or totally disabling. Surgical denervation of the carotid 
sinus affords relief in these patients. Since March, 1938, five such opera- 
tions have been performed on the Third Surgical Division of Bellevue 
Hospital. The procedures employed in the diagnosis, operation, anes- 
thesia, and the pre- and postoperative care are herewith reviewed. 


Diagnosis. — The diagnosis of hyperactive carotid sinus was made in 
oil these patients according to the methods described by Weiss. Digital 
pressure over the bifurcation of the common carotid artery, stimulating 
the endovascular pressure sensitive fibers in the carotid bulb, produces 
a tra t Q of symptoms similar to the complaints of the patient. Pressure 
is exerted firmly and for several seconds at a point over the pulsating 
artery at the level of the upper border of the thyroid cartilage. The 
patient sits upright and is supported against sudden unconsciousness. 

record of pulse rate and blood pressure changes is kept and in our 
Patients electrocardiographic tracings are taken during the manipula- 
hon, . Both sides are not stimulated simultaneously. An appreciable 
tune interval, at least fifteen minutes after recovery, is allowed to elapse 
etween tests. We have found that one side is always more sensitive 
'an the other. The more sensitive side is denervated. In all the 


Patients, except one, who were submitted to surgery, sufficient pressure 
Produced unconsciousness. The patients are classified, as far as pos- 
Sl c > '"to one of three types : vagal, pressor, or cerebral. 

^ * len the main efferent pathway of the reflex is through the vagus 
u «\e, marked bradycardia results. Cerebral anemia which follows 
'c bradycardia causes vertigo, dizziness, sometimes convulsive move- 
'nents, and unconsciousness. The efferent pathway through the svmpa- 
. c Produces a fall in blood pressure and cerebral anemia. Uncon- 
sciousness is delayed in both these mechanisms and follows a train of 
s > m Ptoms. The cerebral type of reflex causes unconsciousness suddenly, 
- 110 change in pulse rate or blood pressui'e and without intervening 
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border of the stemomastoid muscle and is canied tlnou_h the s > 
superficial fascia, and platysma. The deep fascia is made te ““ * J 
lateral traction on the muscle and incised with care m or ei o p 
injury to two or three veins which cross the artery to reach the internal 
jugular vein. These veins may he of alarmingly large size, 
should be ligated and cut. With the stemomastoid muscle retiact 
laterally, the carotid sheath is exposed and the artery may je s 
palpated. The sheath should be opened carefully because the es 
hypoglossi nerve lies on its surface and should he pieseive i P • ’ 
Location of the bifurcation may he confusing because oi 
the internal carotid. The superior thyroid aiteiv is a goo <= m 
level. "With complete exposure, the bulbous dilatation o e » 
the internal carotid is easily recognizable. In the u l ' ica i0 '| a . , 
posterior to the inner edge of the internal caroti ai eiy, i 
body may he seen. It is frequently concealed in areolar tissue 5 and nee 
not he isolated. During the manipulation of the sums, a T ^ 

the reflex is stimulated, and the artery may be seen o e ® 

slowly; the blood pressure may drop if the reflex is of the depresso 
type. The adventitia of the root of the interna caio u mav 
with thumb forceps and out. As the dissection proceeds around the 
circumference of the artery, which may be rotated with a „ 

Her, the section of the adventitia posteriorly «i e 0 • ' 

immediate elevation of blood pressure. This ma> e n ' mes 

oozing of small blood vessels. Shortly thereafter t e pn se i a 
rapid! The reflex are is obviously broken. The carotid sheath and deep 

fascia are sutured in separate layers. 

There is no special postoperative care necessary. Occasmna Uy tne 
rise in blood pressure, which is temporary, ma> cause unexpe • 
ing and cause a hematoma to form, which liappene in one o o 
The patient is allowed out of bed on the second postopeia 

case reports 

Case 1.— II. B., male aged 05 years, was first admitted to pi Jual- 

W? 'L The patient complained of nervousness, loss of wetg . , p-h • thyroid 

mo,-, ami diplopia. A diagnosis of hyperthyronl.sn, was made J ^ 

lobectomy was performed. He was discharged, Ju " e " ’ ' f tremor, and 

December, 1934, when symptoms reappeared; namely, os.- « " ' , ft su b- 

I’ llpitation. He was readmitted in March, 19.e>, and on - pn - • j was 

total thyroid lobectomy was performed. His symptoms were relict ed, and 

discharged May 7, 19.15. . 

he again began to lo-e weight during October, 19..J, ami "jmp ain ,j. 

and palpitation and evidenced one aided symptom. «ghtn*~ 

Medical treatment for three weeks brought about some larpro-unu . ” j 

at this time was thyrotovieosis. arteriosclerosis, and Uype«ens.om He 
Thyroid and Cardiac Clinics and felt well until early in Man 


bidies on the cadaver Indicate that tlu> .TTYt course^alont' the jxisteroniedial 
'•dilitia at a s|| K htlv hfuher level and may be cut as it cout.e. 

I’b-.-cr of the internal carotid artery. 
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symptoms. This latter type is rare; no example is included in this re- 
port. In severe cases, where surgical therapy is indicated, the efferent 
pathway is generally mixed vagal and pressor with vagus effect pre- 
dominating. The determination of the type of syndrome is important 
in the preoperative care and the anesthetic management. 

Before operation further diagnostic tests are made by blocking the 
sinus nerve with an anesthetic solution. Ten cubic centimeters of a 1 
per cent solution of procaine is injected in the region of the bifurcation 
of the carotid artery using the transverse process of the fourth cervical 
vertebra as a guide.- When the nerve to the carotid sinus is blocked, 
pressure over the bulb will produce no symptoms. This will give added 
assurance that operation will be effective in abolishing the reflex. 

Preoperativc Care and, Anesthesia . — The preparation of the patient 
has been undertaken largely by the anesthesia department. Atropine, 
scopolamine, and the barbituric aeid derivatives suppress the reflex. In 
those cases in which the vagal slowing is so marked that prolonged 
asystole may follow operative manipulation, atropine should be admin- 
istered before operation. Cases in which the blood pressure fail is 
alarming may be given ephedrine to prevent much of the fall during 
operation. Morphine lias no effect or is an excitor. An attempt is made 
to avoid complete suppression during operation because of the value 
to the surgeon of knowing exactly when the nerve has been cut. If 
the anesthetic agent employed does not depress the reflex, the anesthetist, 
by recording the pulse and blood pressure changes as they are affected 
by the operative stimulation of the reflex, may tell the surgeon when 
the arc has been interrupted. We have found that the nerve emerges 


from the posterior aspect of the base of the internal carotid artery, 
but it may be difficult to isolate without a physiologic guide. As ether, 
vinothene, and chloroform may suppress the reflex during deep narcosis, 
these drugs are not employed. Nitrous oxide or cyclopropane have little 
effect or sensitize the mechanism. Cyclopropane is the anesthetic of 
choice. It permits the use of a respired atmosphere containing a high 
percentage of oxygen, valuable during cerebral anemia. It is quickly 
controlled, potent, and permits the convenient emplo.vment of the de- 
sired technique. The carbon dioxide absorption method is employed 
for administration, and an endotracheal tube is utilized. 

The latter is necessary to assure an airway and to permit the con- 
. . application of artificial respiration when indicated. The anes- 

t must make practically continuous determination of the pulse rate 
t l< V S ) thm as we ll as the arterial tension. 

anany ‘ p roce durc. The skin is prepared in the usual manner. 

Opera ice t]ie m idline and the neck slightly extended, an 

With the tea ^ j on „ j s m ade with its middle at about the level of 
incision abou ' g cartilage; the bifurcation of the common 

the upper border o.^ as ^ ing at t jfls level, but it may vary two to 

carotid artery is The j nc ision is placed along the anterior 

3 cm. in different subjects. 
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area about the bifurcation of the right common carotid was infiltrated with 5 c.c. 
of 2 per cent procaine solution and subsequent pressure produced no reaction. 

On March 7, 1938, the patient was operated upon. The right carotid sinus was 
denervated. He was discharged April 11, 193S, without having had a recurrence 
of dizzy spells, although the headache persisted with a lesser degree of severity. 
Pressure over the sinus produced no reaction. 

Case 3. — J. B., male, aged 72 years, was admitted to Bellevue Hospital, March 
23, 1938, complaining of an increasing frequency' of attacks of dizziness, loss of 
vision, a feeling that his heart had stopped, and unconsciousness. These attacks 
occurred at irregular times, occasionally while in bed, but always following sudden 
movements of the head. He first noticed the onset of these episodes in 1911, when 
he fell and injured himself. He was brought to a hospital and told that his heart 
was bad. In 1931 he was admitted to Bellevue Hospital with similar complaints, 
in addition to which dyspnea and edema of the ankles had developed. He was in 
>n the hospital for one month and was discharged improved. Diagnosis : Generalized 
arteriosclerosis, enlarged heart, and auricular fibrillation. 

At the time of the present admission, March 23, 193S, his blood pressure was 
136/6S; the peripheral arteries were tortuous and calcified; pulse was totally irregu- 
lar with no pulse deficit ; the heart was enlarged with no signs of failure. Pressure 
oa the left carotid sinus produced immediately asystole winch lasted throughout the 
period of pressure and the symptoms of dizziness, loss of vision, and the uncon- 
sciousness of which the patient complained. He was digitalized, and four days 
after admission the pulse rate became regular at a rate of 120. Electrocardiographic 
tracings showed auricular flutter with a 2:1 auriculoventricular block. Pressure 
over carotid sinus increased to a 20:1 ratio with asystole of 1.16 seconds. The 
rhythm subsequently varied from fibrillation to flutter. 

On April 19, 193S, the patient was operated upon, under cervical plexus block 
anesthesia, and the left carotid sinus was denervated. During the postoperative 
period a hematoma developed under the skin and was evacuated on the fifth day. 
Thereafter healing was prompt. He was discharged May 11, 193S. Pressure on left 
‘arotid sinus produced no cardiac slowing or symptoms. On July 11, 193S, the 
patient was again admitted to the hospital complaining of shortness of breath and 
swelling of the ankles. There have been no dizzy spells and pressure over the 
carotid sinus produces no symptoms or cardiac slowing. 

Case 1 . F. R_, male, aged 59 years, was admitted to Bellevue Hospital, Sept. 20, 
SIS, the same day that he had fallen unconscious for a period of about ten minutes, 
a-t history revealed a severe accident in 1931, when he fell six stories and suffered 
e etal and head injuries for which he was hospitalized for about six months. 
ur 'ug the pa -1 two years he has had infrequent attacks of dizziness, ringing in the 
" r "' vertigo, and unconsciousness. His occupation was carpentry, but during the 
past year he has not worked because he feared that another attack while on a 
••aflfoM or ladder would result in severe injury. He realized that he could pre- 
'ent die unconscious phase of the attack if he could loosen his collar when he first 
M-cume dizzy. 

At the time of admission, it was found that pressure over the right carotid sinus 
would produce a. bradycardia, dizziness, and blurring of vision. Pressure on the 
Ut carotid sinus produced some slowing of the pulse. The blood pressure of 160/100 
v ‘as Unchanged by pressure. On Oct. 10, 193% the region of the right carotid sinus 
•is Mocked with 2 per cent novocain solution, and subsequent pressure produced 
110 ‘" iroct - On Oct. 11, 193S, the patient was given .01 gr. of atropine subcutaneously, 
‘h'.ited in two hours. Subsequent pressure on the right carotid sinus produced 
slowing of the heart but no dizziness, and pres.-ure on the left had no effect. 
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lie complained of loss of weight, tremor, nervousness, palpitation, dyspnea, and 
dizziness. There were no complaints of clicking or constriction of neck at this 
time. A small, vascularized nodule of thyroid tissue, attached to tiie left superior 
pole, was removed surgically in March, 1936. At this operation the superior thyroid 
artery was ligated proximal to the nodule. 

Symptoms returned in October, 1936, and the patient was treated in the hospital, 
from Dee. i, 1936, to Jan. a, 1937, without operation. He was without complaints 
inferable to the thyroid; ho had occasional dyspnea on exertion and precordial 
pain. Early in April, 1937, lie had his first attack of unconsciousness, and on 
April 29, 1937, he had a third similar episode and was brought to the hospital in 
an ambulance. 

It was felt that his general condition was progressively improving and that 
paroxysmal auricular fibrillation was the etiologic factor causing the fainting spells. 
He was given digitalis and discharged ten days later on a maintained dose of 1.5 
gr. a day. His general condition continued to improve, but he had occasional 
attacks of unconsciousness lasting ten to fifteen minutes. He also began to notice 
transient attacks of vertigo brought on by changes in position. It was found that 
pressure over the bifurcation of the right common carotid could reproduce this 
vertigo and the unconsciousness. It also produced marked slowing of the pulse 
which did not follow after the administration of atropine. The sensitivity of the 
bifurcation could also be abolished when novocain was injected into the area. Oper- 
ation was performed on March 15, 1938. The patient was discharged improved, 
April 7, 1938. 

Subsequent Course . — On July 5, 1939, one year and three months following 
operation, the patient reported having "fainted” once. His blood pressure was 
190/100, and lie complained of dyspnea on exertion, headache, and palpitation. He 
had no pulse deficit. Other than complaints referable to his cardiac condition, the 
patient was well. 


Comment . — The possibility of relationship between disturbances in the 
carotid sinus reflex and hyperthyroidism is suggested by this case. 
Heymans 3 pointed out the elose anatomic relations between the base of 
the internal carotid artery and the origin of the superior thyroid artery 
in some subjects. The operative manipulation during- ligation of the 
superior thyroid artery frequently will excite the reflex. 


q ase 9. V. C., white, male, Italian, aged 60 years, was admitted to the hospital 

in January, 1933, and in May, 1936, for brief periods, at which times his illness 
was diagnosed as acute and chronie paranasal sinusitis. He complained of attacks 
of dizziness and faintness. These were attributed to the sinus infection which was 
demonstrated roentgenologically. In December, 1936, lie was readmitted, com- 
‘ . . . * of periodic attacks of headache, dizziness, vomiting, and occasionally 
P 81111 “ Ti iere was no evidence of sinus disease at this time. Electrocardiographic 
Zincs' confirmed a diagnosis of auricular fibrillation. There was no cardiac 
l ment He remained in the hospital for sixteen days with no recurrence ot 


the dizziness. ^ ^ ^ hospital was on Jan. 30, 1938; complaints were the 

H'S last " . g eser ibed as lasting about one hour. He was still fibrillating. 
same, the attac s tUscovered that pressure over the left carotid sinus produced 
At tills time, it "a 3 c onvulsive movements on the right side, and cessation 

marked dizziness, sync the right carotid sinus caused slowing of the pulse, 

of radial pulse- rr unconsc ; ou5ncss . Electrocardiographic tracings taken while 
slight dizziness, hut n0 q i 10 , vC d a period of asystole lasting three seconds. The 
pressure was being app ie 
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body is only slightly stimulated by CO, increases, but is highly sensitive 
to oxygen tension. In the absence of CO, in the blood the carotid body 
becomes the controlling factor in respiration. This fact is of obvious 
clinical importance to both the anesthetist and the surgeon. 

Blakemore, Humphreys, and King 3 created experimental carotid-jugu- 
lar fistulas in dogs and demonstrated the effect of shunting of carotid 
blood away from the sinus. The reflex vasoconstriction, produced by the 
lack of endovascular tension beyond the fistula, increased the blood 
flow from artery to vein in a vicious manner. They rightfully con- 
cluded that the therapeutic creation of such a fistula is inadvisable. 
Their findings should be borne in mind in cases of traumatic arterio- 
venous aneurysms of the neck. 

SUMMARY AXD COXCLUSIOX 

1. The procedures employed in the diagnosis, preoperative care, anes- 
thetic management, and operation are described. 

2. Mention is made of the clinical application of knowledge of this 
reflex area. 

3. Five cases are cited briefly. 

I- The symptoms of hyperactive carotid sinus reflex may be relieved 
by surgical denervation of the sinus. 
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Operation.— On Nov. IS, lO.'lS, a denervation of the carotid sinus on the right 
side was performed. Manipulation at the bifurcation of the common, carotid caused 
long periods of asystole. After the nerve was cut, the pulse resumed a rate of 92. 
For six days following operation the patient complained of thickness of the tongue 
and flushing of the right side of the face. The right pupil was dilated. These 
symptoms gradually subsided and had disappeared at the time of discharge, Nov 23, 
193S. 


Case 5. — II. S., white, male, aged 45 years, was well until April, 1937, when he 
had an attack of dizziness which came on suddenly’. He shook his head and after 
resting a few moments it cleared. These attacks have recurred about once a month, 
nml during the last four weeks he has had live attacks of a severe nature associated 
with unconsciousness. 

Past History . — The patient had had an initial attack of precordial pain followed 
by marked dyspnea, and faintness in December, 1937. For this he was treated in the 
hospital for four months. On discharge he was taking digitalis, feeling well but 
still dyspneie on effort. He had had similar attacks for which he was hospitalized 
in July, 193S, and in October, 193S. Recently, he has had .eight or nine attacks 
of nocturnal dyspnea. At the time of this admission, June 5, 1939, it was discovered 
that pressure on the right carotid sinus produced the same dizziness, vertigo, and 
unconsciousness of which the patient complained. The diagnosis made at this 
time was arteriosclerotic heart disease with coronary’ sclerosis and myocardial 
fibrosis. Ho had regular sinus rhythm and signs of heart failure were induced by 
moderate exertion. Electrocardiographic tracings taken during pressure over the 
right carotid sinus showed depression of the sinus node to a rate of 45 per minute 
with ventricular escapes. Pressure over the left sinus produced only slight slowing 
of the auricular and ventricular rates. Diagnostic blocking of the carotid sinus 
nerve with novocain was not done on tiiis patient because of a sensitivity to the drug. 

Operation was performed on June 2S, 1939. The right carotid sinus was de- 
nevvated. The blood pressure, which had fallen during early operative manipula- 
tion, rose when the nerve to the sinus was cut. Tiie patient recovered promptly. 
During the postoperative period, pressure over the right sinus had no effect. He 
was discharged after seven days, improved. 


The experience gained in the treatment of disturbances of the carotid 
sinus reflex lias been of value in interpreting untoward symptoms occur- 
ring during operative procedures in the region of the bifurcation of the 
common carotid artery. Eovenstine and Cullen 2 have indicated the re- 
flex may be an explanation for the sudden deaths which occasionally 
follow incision and drainage of neck infections. During operative 
manipulation in the region of the sinus the sudden occurrence of brady- 
cardia, hypotension, pallor, and at times respiratory depression suggests 
stimulation of the reflex. Clamps, retractors, and packs which have 
been placed in the vicinity should be removed. Infiltration of the area 
between the internal and external carotid arteries with 5 c.e of a - 
oer cent solution of procaine will immediately abolish the reflex and 
restore the circulatory and respiratory functions. Indeed, this may be 

,, lifesaving measure. ... , 

The role of the carotid body in the control of respiration 1ms bee 
indicated by Heymans 3 and demonstrated experimentally by Schmidt. 
The latte? showed that the respiratory center is sensitive to changes^ 
ST carbon dioxide tension of the blood but not to oxygen lack. The 
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body is only r slightly stimulated by C0 2 increases, but is highly sensitive 
to oxygen tension. In the absence of C0 2 in the blood the carotid body 
becomes the controlling factor in respiration. This fact is of obvious 
clinical importance to both the anesthetist and the surgeon. 

Blakemore, Humphreys, and King 5 created experimental carotid- jugu- 
lar fistulas in dogs and demonstrated the effect of shunting of carotid 
blood away from the sinus. The reflex vasoconstriction, produced by the 
lack of endovascular tension beyond the fistula, increased the blood 
flow from artery to vein in a vicious manner. They rightfully con- 
cluded that the therapeutic creation of such a fistula is inadvisable. 
Their findings should be borne in mind in cases of traumatic arterio- 
venous aneurysms of the neck. 

SUMMARY AX'D CONCLUSION 

!• The procedures employed in the diagnosis, preoperative care, anes- 
thetic management, and operation are described. 

2. Mention is made of the clinical application of knowledge of this 
reflex area. 

3. Five eases are cited briefly. 

4. The symptoms of hyperactive carotid sinus reflex may be relieved 
by surgical denervation of the sinus. 
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Operation. On Nov. Jo, J93S, a denervation of the carotid sinus on the right 
side was performed. Manipulation at the bifurcation of the common carotid caused 
long periods of asystole. After the nerve was cut, the pulse resumed a rate of 92. 
For six days following operation the patient complained of thickness of the tongue 
uud flushing of the right side of the face. The right pupil was dilated. These 
symptoms gradually subsided and had disappeared at the time of discharge. Nov. 23, 
103S. 


Cask o. — H. white, male, aged 45 years, was well until April, 1937, when he 

had an attack of dizziness which came on suddenly. He shook his head and after 
resting a few moments it cleared. These attacks have recurred about once a month, 
and during the last four weeks ho has had live attacks of a severe nature associated 
with unconsciousness. 

Past HUt or i /. — The patient had had an initial attack of precordial pain followed 
by marked dyspnea and faintness in December, 1937. For this he was treated in the 
hospital for four months. On discharge he was taking digitalis, feeling well but 
still dyspneie on effort. He had had similar attacks for which he was hospitalized 
in July, 1!)3S, and in October, 193S. Recently, he has had .eight or nine attacks 
of nocturnal dyspnea. At the time of this admission, June 5, 1939, it was discovered 
that pressure on the right carotid sinus produced the same dizziness, vertigo, and 
unconsciousness of which the patient complained. The diagnosis made at this 
time was arteriosclerotic heart .disease with coronary sclerosis and myocardial 
fibrosis. He had regular sinus rhythm and signs of heart failure were induced by 
moderate exertion. Electrocardiographic tracings taken during pressure over the 
right carotid sinus showed depression of the sinus node to a rate of 45 per minute 
with ventricular escapes. Pressure over the left sinus produced only slight slowing 
of the auricular and ventricular rates. Diagnostic blocking of the carotid sinus 
nerve with novocain was not done on this patient because of a sensitivity to the drug. 

Operation was performed on June 2S, 1939. The right carotid sinus was de- 
nervated. The blood pressure, which had fallen during early operative manipula- 
tion, rose when the nerve to the sinus was cut. The patient recovered promptly. 
During the postoperative period, pressure over the right sinus had no effect. He 
was discharged after seven days, improved. 


The experience gained in the treatment of disturbances of the carotid 
sinus reflex has been of value in interpreting untoward symptoms occur- 
ring during operative procedures in the region of the bifurcation of the 
common carotid artery. Eovenstine and Cullen 2 have indicated the re- 
flex may he an explanation for the sudden deaths which occasionally 
follow incision and drainage of neck infections. During operative 
manipulation in the region of the sinus the sudden occurrence of brady- 
cardia hypotension, pallor, and at times respiratory depression suggests 
I ulation of the reflex. Clamps, retractors, and packs which have 
® , i j n ^e vicinity should be removed. Infiltration of the area 

- " j.j ie ] u ternal and external carotid arteries with 5 c.e. of a 2 

between 0 £ procaine will immediately abolish the reflex and 

per cen . , t01T an( j respiratory functions. Indeed, this may be 

restore tne env 

a lifesaving n * e - cal . 0 ti c I body in the control of respiration has been 
The role °jj eynians 3 aIK i demonstrated experimentally by Schmidt. 4 
indicated bj • 'the respiratory center is sensitive to changes in 

The lattey xh°w e 0 f the blood but not to oxygen lack. The 

the carbon 
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seem to be very radical treatment we do not doubt, and for that reason 
we wish to state that we are not advising surgery as the primary treat- 
ment in cerebral hemorrhage, for no case has been operated upon unless 
there existed definite evidence of increasing intracranial pressure. 

Bagley 7 has advocated the surgical treatment of a certain group of 
cases of intracerebral hemorrhage, and he emphasizes the fact that, be- 
cause of the poor general condition of these patients, the simplest proce- 
dure which will afford relief should be employed. In Case 1 all that was 
necessary was the aspiration of the old blood through a perforator open- 
ing, but in the other eases it was necessary to reflect an osteoplastic 
flap. 


Case l.—A. C., a 46- year-old merchant, a knoivn diabetic and hypertensive, was 
admitted to the Jewish Hospital on Nov. 24, 193S. Three days before admission, 
nkile driving his car, he suddenly developed a severe headache, dizziness, and nausea. 
He managed to stop the car, and a physician was summoned and gave him a hypo- 
dermic for Telief. He was brought to the home of a relative, where he remained 
m bed for two days, but the headache continued to be so violent that he was sent into 
the hospital. When he entered, his blood pressure was 190/100, and there was some 
stiffness of his neck. The rest of tlie examination was without positive findings. 
One of us (L. T. F.) saw him on Nov. 26, 193S. At that time there was blurring 
°f the nasal borders of both disks, stiff neck, bilateral Kemig, and blood pressure 
of 200/Ho. A diagnosis of spontaneous subarachnoid hemorrhage was made and 
lumbar puncture was done. The fluid was bloody and contained many crenated red 
cells, and when centrifugalized the supernatant fluid was yellow. Following the 
spinal puncture his headache was greatly relieved. 


Spinal punctures were done daily, and on Nov. 28, 193S, the spinal pressure was 
Mil) mm. of H.O, but the fundi had not changed. He continued to feel well, and from 
Oec. 4 to Dee. 14 he was not seen by us. On Dee. 14 .it was discovered that in spite 
°£ total absence of headache he had developed a complete left homonymous hemi- 
anopsia and terrific choked disks with many hemorrhages and patches of exudate. 
Ventriculogram was done that afternoon. When the needle was inserted in the right 
parieto occipital region, at 2 cm. under the surface, a large collection of old chocolate- 
colored blood was encountered and evacuated. The direction of the needle was then 
changed; air was injected into the ventricles, and, when x-ray films were made, the 
cavity could be seen, filled with air and connected with the ventricle. Since there 


' vas 1,0 ventricular displacement, no further surgery was done. 

His postoperative course was smooth, and he was discharged on Dec. 20, 1938. 
Jl'e choked disks and the homonymous hemianopsia had entirely cleared up when 
ast seen on March 9, 1939. Since that time, he has had no further trouble and is 
"blc to carry on his work. 


In spite of the fact that symptomatically this patient improved after 
spinal punctures, liis choked disks progressed to an alarming degree. 
Finally the stage was reached where permanent visual damage was 
reared, and the prompt subsidence of the choked disks and the 
homonymous hemianopsia after the removal of the hemorrhage was most 
gratifying. 



SPONTANEOUS CEREBRAL HEMORRHAGE 

The Surgical Treatment of Selected Cases 


Leonard T. Fuklow, M.D., Archie D. Carr, M.D., and 
Carl Wattenbekg, M.D.,* St. Louis, Mo. 

(From the Neurosurgical and Neurological Services , Barnes Hospital and Jewish 
Hospital, and the Washington University School of Medicine) 


' | ’HAT certain cases of spontaneous cerebral hemorrhage may be 
treated by surgical means is not a new idea. According to Penfield, 1 
Wernicke many years ago suggested that trepanation might be of 
benefit in ‘ ‘ ingravescent apoplexy. ’ ’ Cushing, 2 in 1903 not only repeated 
the suggestion but actually carried it out in two cases, though in neither 
instance was a fatal outcome averted. Russel and Sargent 3 in 1907 re- 
ported the evacuation of a subcortical clot, but both to the authors and 
to those who discussed the case it seemed questionable if the operation 
was of benefit since the patient had a residual hemiplegia and an aphasia 
from the left-sided lesion. Penfield reported 2 cases operated upon 
with recovery and Craig and Adson 4 have encountered 9 cases, 6 of which 
were apparently truly “spontaneous” while two were probably trau- 
matic in origin. 

Merritt 5 has divided vascular lesions in the brain into four groups: 
(1) primary subarachnoid hemorrhage, (2) cerebral embolus, (3) 
cerebral thrombosis, and (4) cerebral hemorrhage. As a part of his 
discussion of the latter group he says: “In rare instances a cerebral 


hemorrhage may become encapsulated and present the symptom com- 
plex of a tumor. Such hemorrhages have been removed successfully 
in several instances but this mode of therapy is still in the experimental 
stage and is adapted to only a very small percentage of eases of cerebral 


hemorrhage. ’ ’ 

It seems quite certain in the light of present knowledge that surgery 
should play no part in the treatment of primary subarachnoid hemor- 
rhage cerebral embolus, or cerebral thrombosis. Cadwalader, 0 however, 

• his study of apoplexy showed two things which are of great im- 
U1 -t- ice in a consideration of the subject from a surgical viewpoint : 
ir* t cerebral hemorrhages are large (of 72 specimens examined by 
• l 4 measured less than 4 cm. in the broadest diameter), and a 
small percentage of cases are rapidly fatal. 
ieiau‘ £ ac £ S j n nl ind we have in the past fifteen months resorted 

With t use ^ q £ spontaneous cerebral hemorrhage, and it is our 
to surgery in^o fully justify this report. That, to some, this may 

feeling 1 w„=nii.ii. 


" __Z aurcery, Barnes Hospital. 

gssarss- *• » , 
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seem to be very radical treatment we do not doubt, and for that reason 
vre wish to state that we are not advising surgery as the primary treat- 
ment in cerebral hemorrhage, for no case has been operated upon unless 
there existed definite evidence of increasing intracranial pressure, 
Bagiev 7 has advocated the surgical treatment of a certain group of 
eases of intracerebral hemorrhage, and he emphasizes the fact that, be- 
cause of the poor general condition of these patients, the simplest proce- 
dure which will afford relief should be employed. In Case 1 all that was 
necessary was the aspiration of the old blood through a perforator open- 
ing, but in the other eases it was necessary to reflect an osteoplastic 
flap. 

Case 1. — A. C., a 46-vear-old merchant, a known diabetic and hypertensive, was 
admitted to the Jewish Hospital on Xov. 24, 193S. Three days before admission, 
while driving his car, he suddenly developed a severe headache, dizziness, and nausea, 
lie managed to stop the car, and a physician was summoned and gave him a hypo- 
dermic for relief. He was brought to the borne of a relative, where he remained 
in bed for two days, but the headache continued to be so violent that he was sent into 
the hospital. When he entered, liis blood pressure was 190/400, and there was some 
stiffness of his neck. The rest of the examination was without positive findings. 
One of us (L. T. P.) saw him on Xov. 26, 193$. At that time there was blurring 
°f the nasal borders of both disks, stiff neck, bilateral Keraig, and blood pressure 
of 200/110. A diagnosis of spontaneous subarachnoid hemorrhage was made and 
lumbar puncture was done. The fluid was bloody and contained many crenated red 
cells, and when centrifugalized the supernatant fluid was yellow. Following the 
*pinal puncture his headache was greatly relieved. 

Spbnd punctures were done daily, and on Xov. 2S, 193S, the spinal pressure was 
-AO mm. of H.O, but the fundi had not changed. He continued to feel well, and from 
Dec. 4 to Dec. 14 he was not seen by us. On Dec. 14 jt was discovered that in spite 
01 total absence of headache he had developed a complete left homonymous liemi- 
anop?ia and terrific choked disks with many hemorrhages and patches of exudate. 
Ventriculogram was done that afternoon. When the needle was inserted in the right 
parieto occipital region, at 2 cm. under the surface, a large collection of old chocolate- 
colored blood was encountered and evacuated. The direction of the needle was then 
Ranged; air was injected into the ventricle-, and, when x-ray films were made, the 
eanu could be seen, filled with air and connected with the ventricle. Since there 
"As no ventricular displacement, no further surgery was done. 

His postoperative course was smooth, and he was discharged on Dec. 20, 1938. 
e c h°hed disks and the homonymous hemianopsia had entirely cleared up when 
ast seen on March 9, 1939. Since that time, he has had no further trouble and is 
!e to cany- on his work. 

Iff spite of the fact that symptomatically tills patient improved after 
spinal punctures, liis choked disks progressed to an alarming degree, 
anally the stage was reached where permanent visual damage was 
reared, and the prompt subsidence of the choked disks and the 
lomonjunous hemianopsia after the removal of the hemorrhage was most 
gratifying 
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th ° ** 

»'0,c -Ployed ° P"tient’s condition ^5£g»U« 



1- — Case 2. 


Case 2.-B. W, female, aged 19 Years, „- as , 

20, 1939, in a stuporous state, having been ill about t <0 Bi "' nes H °-V>it»l on Fob 
before admission she suddenly complained of a sev • V ' four The evening 

and a short time later said her left side felt “svoal- ,WM,ac,,e ' ,Je< '“'«e nauseated, 
nausea persisted and during the following tivenfv.fb' 10 ' 1 queor ‘” Headache and 
stunorous. She was seen by one of ns r A r» ° ur " ours ■‘‘be became more 


r - - o iuiiuivmg tuenfv-four 1 “«-<*uaene and 

stuporous. She was seen by one of us (A. D (' y , it f loura -“be became more 
hours after onset, and the positive findings on neuroio'de * ^ COlll ’"°> “bout eighteen 
deeD reflexes on the left side, increased tn„,. .. L ' x ' u,,, 'iafion were: 


hours “““ ““ ■“'"“gs on neuroiog/e 

active deep reflexes on the left side, increased tonus u f "" at,on "ere: hyper- 

don sense left upper and lower extremities T ° f ,t>ft arm, defective 

complete left astereognosis. 


position 
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Immediate hospitalization was advised, and at the time of admission little change 
was noted except that she had a central type of facial on the left and a left hemi- 
anopsia which was practically complete. 

Her general physical examination was devoid of significant findings; blood pres- 
sure was normal, and all laboratory studies were within normal limits. 


t. 



Fig. 2— Case 2. 

On Feb. 22, 1939, lumbar puncture was done. The initial pressure was 330 mm. 
1 was clear; cell count, S; and Ayala index, 3.5, suggesting an expanding 

sion. The Massermann reaction was negative on both blood and spinal fluid. 

The next morning she was drowsy, nauseated, and complained of headache; the 
or iugms were unchanged, and her pulse rate was beginning to become slow. Four 
< ajs later the following note was made: ‘ ‘ For three days patient has felt better, but 
icr pulse has been becoming steadily slower. This morning she lias headache and 
s orse. There is some temporary improvement since having intravenous sucrose 
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but still her pulse is only 50, and has been between JS-oG for 18-20 hours. Fundi 
show no swelling but the slow pulse means an increasing intracranial pressure. The 
left-sided weakness, awkwardness, and astereognosis persist, but, because of the 
sudden onset, a vascular lesion is suspected. Ventriculogram is to be done.” 

On Feb. 27, 1939, when the needle was inserted for ventriculography on the right 
sido, a few cubic centimeters of old brownish blood were evacuated. The needle was 
then put into the left ventricle, air injected, and films showed a marked ventricular 
shift to the left side with a downward and forward displacement of the righ't 
posterior horn and posterior part of the ventricular body (Figs. 1, 2, and 3). A 
right parieto-occipital craniotomy was done immediately, and in the parietal lobe an 
incision was made through a broadened convolution, and an old, firm, well-organized 
clot was removed. Sections of the cavity were removed for histologic study, hut no 
tumor was found. There was very little fresh bleeding after the removal of the 
clot. 



_ „ ventricles are displaced to the left side, and the posterior horn and 

Wig. 3. — Case the body of the right ventricle are pushed down and forward, 

posterior pan. vi. 

,• (.nurse was very satisfactory, and within a few days the left- 
Her pos opei. eofmosi3) an d loss of position sense cleared up. The left 
sided weakness, disappeared completely, and when last seen on March 1, 

homonymous e® 1 symptoms and was carrying on her work at the state 

1940, liad abS0 ‘ 7 1 

university- . 

f , he hemorrhage in this ease has never been determined. 
The etiology aneurysm is the condition we would consider 

Certainly a sma m , ioQ eou ]d be seen at operation. Whatever 
most likely, but no suet 
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the underlying cause, however, the excellent result obtained by surgery 
is argument enough that in certain instances the operative treatment of 
intracerebral hemorrhage has passed the “experimental stage.” 

In Case 3 the surgical indications were perhaps less well defined for 
the etiologic factor was known to be a well-developed hypertension, and 
the lesion was on the left side. However, the lack of improvement after 
what seemed to us an adequate period of conservative therapy was, we 
felt, justification for more radical measures. 


Case 3. — A. L., a 50-year-old widow, who designed and made women’s clothing, 
was admitted to Barnes Hospital on July 31, 1939, in an aphaaie state. She was ap- 
parently well until that morning, when, shortly after arising, she complained of a 
severe occipital headache, was nauseated, and vomited. Shortly after this she had 
two generalized convulsions and upon regaining consciousness was markedly confused 
and aphasie. She was unable to name objects, could not read, and when asked what 
year it was said "Wednesday” and gave her age as fourteen. 

Physical examination showed a blood pressure of 180/104. Pulse rate was 84; 
heart, slightly enlarged. Pupils were equal, fundi normal, and there was a right 
facial weakness. Patient moved all extremities freely, but there was a bilaferal 
Babinski. The impression was that she had had a spontaneous cerebral hemorrhage 
on the left side. 


The following day her speech was markedly confused, but she obeyed simple com- 
mands. She could not name a fountain pen, bag, etc., but said the match was a 
scratch.” The right facial paresis was unchanged, the fundi were normal, and 
the bilateral Babinski persisted. X-rays of her skull had been made, and were not 
abnormal. Urine showed no albumin or casts. R.B.C. and Hb. were normal and 
B.B.C. was 17,600 with a normal differential. 


Ihe next day her speech was somewhat better in that she occasionally used a 
Phrase correctly, but she was drowsy and at times very difficult to arouse. A spinal 
puncture done that day showed an initial pressure of 370 mm. H.0 with 40,000 red 
fells mostly cremated. The fluid was pinkish throughout, and the Ayala index of 4 
'•as suggestive of an expanding lesion. 


The following morning she was much worse. Her temperature rose to 39.4° C.; 
she was unconscious and had a right hemiplegia. There was some stiffness of the 
neck, and the spinal fluid showed approximately the same cell count. She was given 
hypertonic sucrose; a nasal tube was inserted for feedings; and her condition re- 
mained practically unchanged until Aug. 14, 1939, when the following note was made: 

'hi3 patient lias shown no improvement for eleven days. The veins in both fundi 
ar e full and tortuous, and she is stuporous all the time. The right hemiplegia per- 
smts, and because she may well have a 'large subcortical clot ventriculogram is to be 
_ oae - If the films show a space-occupying lesion craniotomy will be done immedi- 


On Aug. 15, 1939, a ventriculogram showed both lateral ventricles and the third 
'entriele displaced to the right side (Fig. 4) with no air in the left temporal horn; 

•ereas, the right was well filled. Immediate left cerebral craniotomy was done, 
and there was considerable greenish brown discoloration of the area around the 
' . '>an fissure. The first temporal convolution was broadened and a needle intro- 
| u * ed through this convolution evacuated 15 to 20 c.c. of old brownish blood. Fol- 
‘"ing this the cortex herniated rather rapidly and it was necessary to incise this 
convolution and with suction remove a large fairly firm clot. Tissue from the wall 
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of the cavity way taken for section to bo sure we were not dealing with a tumor, and 
a decompression was done (the sections did not show tumor). 

Her postoperative course was satisfactory, and site was discharged on Aug. 2S, 
1939. At that ‘time she could only say a few words and iier hemiparesis was almost 
complete, although she was beginning to move the leg. 

She was last seen in March, 1940. At that time she was walking alone, and was 
able to use the arm and hand well enough for sewing. The spontaneous speecli was 
quite good, although when she became excited she had difficulty in naming objects. 
Although her blood pressure varies between 190/110 and 220/1-10, she was leading a 
fairly normal life. 



p.,, ^ c as e 3. Ventricles pushed over to right side. 

• f c0U rse impossible to state definitely that there is more ini- 
It 1S > 0 result of the surgery than there would have been had this 

provement as a re^^ ^ “conservative” treatment. In our opinion 

patient been c01 V , because the patient was slowly going downhill, 
surgery was me ‘ both justified and beneficial. The clot was 

and we believe that 
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so large that it seems unlikely that complete absorption ever would have 
taken place, and, while it was unfortunate that the first temporal con- 
volution on the left side had to be incised, no other course was open. 

Case 4 had a fatal outcome, probably for two chief reasons. In the 
first place, surgery was too long delayed ; second, the development and 
progression of an obstructive hydrocephalus were unrecognized. 


Case 4. — O. T. H., a 59-year-old housewife, eight days before entry had developed 
a severe headache of sudden onset accompanied by nausea, vomiting, and prostration. 
She was found to have a fairly well-developed generalized arteriosclerosis with mod- 
erate hypertension, the blood pressure averaging 185 systolic and 90 diastolic. 
The neurologie findings were entirely normal except for some stiffness of her neck. 
All laboratory studies were within the range of normal, and x-rays of the skull 
showed nothing pathologic. A spinal puncture done on the third day of her hospital 
stay showed xanthochromic fluid under a pressure of 140 mm. of H.O. After the 
removal of fluid, her headache subsided completely and she was discharged on 
Aug. 5, 1939, with the diagnosis of spontaneous subarachnoid hemorrhage, hyperten- 
sion, and arteriosclerosis. 


On Aug. 14, 1939, she was readmitted to Barnes Hospital. Two days before 
there had been a sudden recurrence of the severe headache with nausea, vomiting, 
and prostration. There was some stiffness of her neck, a questionable Babinski on 
the right side, and the same degree of hypertension. A lumbar puncture done shortly 
after admission again showed xanthochromic fluid, but the headache was not in- 
fluenced by the puncture. On Aug. 17, 1939, she was seen in consultation by one of 
“a (L- T. P.) and the following note made: “ The only positive neurological find- 
tug ts a Babinski on the right side. There is no question but that this patient has 
had an intracranial hemorrhage and it is my feeling that, at least for the present, she 
t-hould be conservatively managed. However, it is possible that she will, later on, 
have to have surgery for the removal of a clot. Careful spinal punctures with 
pressure readings should be done.” 


There was no appreciable change in her condition until Aug. 24, 1939, when she 
suddenly complained of severe headache, was nauseated and vomited, and then 
became unconscious and had a series of generalized tonic convulsions with opistho- 
tonos and extensor rigidity of all extremities. Intravenous sucrose was given, and 
a s P>nal puncture done. The fluid was grossly uniformly bloody, and there was 
n ° Appreciable change in her condition after the removal of fluid. Her blood 
pre.'sure continued rather markedly elevated and a venesection was done on Aug. 29. 
She remained comatose and for the most part in a state of extensor rigidity. On 
Aug. 30 she had a period of respiratory failure, but after about ten minutes of 
Artificial respiration she began to breathe spontaneously. These episodes of respira- 
tor} difficulty continued to occur at intervals until about Sept. 15. 


On Sept. 1 she was transferred to the neurosurgical service. Nasal tube feedings 
'vere begun, and spinal punetures done at intervals continued to show gross blood. 

unctures were omitted after Sept. 12, and she remained totally comatose and fre- 
quently in a state of tonic spasm. On Oct. 2 the following note was made (L. T. F.) : 
Tor over six weeks this patient has been comatose with no response to any stimulus, 
lere are periods of rigidity, and her blood pressure, although constantly elevated, 
-■> extremely variable. For the first time today she shows some papilledema, and in 
' le " 0I ' libs evidence of increased pressure I think we should do a ventriculogram 
0 s ee if there might be a removable clot.” 
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It was ten days before the patient’s family decided that surgery should be under- 
taken and on Oct. 12 ventriculogram was done. Fifty-live cubic centimeters of 
slightly yellowish iluid which contained a few shreds of organized clot were removed 
and an equal amount of air injected. The dims (Fig. a) showed a symmetrical 
dilatation of both lateral ventrieles, but in the right frontal lobe, anterior and slightly 
beneath the anterior horn, was a cavity connected with the ventricle. It was partially 
filled with air. The third ventricle was slightly displaced to the left side, so it was 
concluded that this cavity was the site of n hemorrhage which had broken through 
into the ventricle. 



„ „„ , Toileted ventricles with cavity in right frontal lobe. 
Fig. o. — t-ase 


t , cr auiotomy was done immediately, using only local anesthesia. 

A r ° , was markedly discolored as a result of old blood pigment, and 

The prefrontal area ^ remove a with a needle. A circular area of cortex was 
about 5 c.c. of 0 j e pth of f cm. the cavity which contained old, well-organized 
then excised, and at a remove d, and it was seen that the posterior part of 

dot was exposed. ie “ t(le vcntr j e Ie. The source of the bleeding could not 

the cavity commumca ei ^ £ roa h bleeding after the clot was removed, 

be determined, and there - 
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The only immediate change in her condition after operation was a drop and 
stabilization in her blood pressure. Whereas it had formerly been extremely vari- 
able, it became constant at 130/S0 to 140/90 (Fig. 6). On Oct. 15 her blood pressure 
again began to vary and the extensor rigidity reappeared at intervals. There was no 
essential change until about Nov. IS, when she developed bronchopneumonia. She 
died on Nov. 21, 1939. 

Autopsy showed a well-healed operative scar with no evidence of recent bleeding, 
but there was a very marked internal hydrocephalus with complete obstruction of the 
foramina of Magendie and Luschka. 


BARNES HOSPITAL 

BLOOD PRESSURE CHART 


HISTORY NO 


^ O . T Mr 


TVttJ 



return of the variability. 


This symmetrical dilatation of both lateral ventricles had been noted 
a *- the time of ventriculography. No serious consideration was given to 
'b however, for we felt that it was due to a partial occlusion of the 
Mamina of Munro rather than to a posterior block. This block was due 
to the thickening of the arachnoid resulting from the presence of blood, 
ail d it is quite possible that it might have been relieved by surgical 
Means. 
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admitted to Barnes Hospital 


Case o.— S. AT. D., a 30-year-old white man, was , 

Jan. 30, 1940. His family history and past history' were ■ 

illness had begun three weeks before with sudden severe ” l,,lporfant - 1 "e present 
sinus treatments. The headache continued, and ono^nvJl-^T 110 f ° r n, ‘ ic, ‘ llc ,l; id 
progressive weakness of the left arm and le^ with awkw ' 7 ‘ U<>r ,u ‘ ,,(, ve!oped a 
dragging of the leg in walking. Three days before admission h ^’ 
fell, striking his occiput, but was not unconscious. 


Burin" th . ,,iz/ . v and 

before admission he became very drowsy and developed a slow pujl" Vnf * V f °' ,r ,lours 
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Neurologic examination on admission showed: (1) right pupil larger than left, 
(2) choking of both disks of slight degree with full tortuous vessels, (3) left 
hemiparesis involving face, arm, and leg, and (4) loss of position sense on the left 
side. The visual fields could not be checked because of his drowsiness. 

The blood pressure was 13(5/78; all laboratory studies were within normal limits, 
and x-rays of the skull showed no abnormality. 

The impression was that he had either a tumor or an abscess, and Dr. H. G. 
Schwartz did a ventriculogram and craniotomy on Jan. 31, 1940. The left ventricle 
was first injected and this ventricle and the third were found to be displaced to 
the left side. A needle was then inserted into the right side and about 0 e.c. of old, 
dark blood was evacuated, followed by a small amount of ventricle fluid. The films 
showed an irregular cavity connected with the ventricle, but, since the ventricles 
were still displaced (Fig. 7), a flap was reflected. Aspiration revealed old blood at 
a depth of about G cm., and through three different punctures a total of 50 c.e. 
was removed. Since this was a rather deeply situated hemorrhage, the cortex was not 
incised, it being wisely decided to see if aspiration was not sufficient. 

His postoperative course was entirely uneventful, and by the time of his discharge 
on Feb. 14, 1940, all of his symptoms had cleared up, but the deep reflexes on the left 
side were slightly more active than on the right. He is now perfectly well. 

Unquestionably it was wise in this instance not to incise the cortex, but 
it was essential that the brain be exposed by an osteoplastic flap so that 
the relief of pressure could lie judged. The removal of 50 e.c. of old 
blood was enough to relieve the increased intracranial pressure. 

SUMMARY 

Five eases of truly spontaneous cerebral hemorrhage treated by 
surgery are reported. All of these patients have been seen in the past 
fifteen months. 

Three of the individuals were hypertensive ; two had normal blood 
pressures. Four patients recovered. Three had been entirely relieved 
of all symptoms due to the hemorrhage, while one still has some residual 
hemiparesis and slight aphasia disturbance. 

There was one death due to obstructive hydrocephalus which de- 
veloped as a result of occlusion of the foramina of Magendie and 
Lusehka. 

Ventriculography may he used as an index in determining the extent 
°f the surgical procedure. If, after aspiration of the old blood, the 
ventricles occupy a normal position, no further surgery is indicated; 
hut, if there is still ventricular displacement, a small flap should be re- 
flected and the clot removed. 

It is wise to take tissue for section from the wall of the hemorrhagic 
ouvity to ascertain if the hemorrhage has occurred into a tumor. 

CONCLUSIONS 

U While it may seem radical to some, it is our feeling that in well- 
selected eases surgery may be of definite value in the treatment of 
spontaneous cerebral hemorrhage. 
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2. In our opinion, however, surgery should be undertaken only (a) 
when conservative measures have failed to produce improvement; (b) 
when, there is some definite evidence of increased intracranial pressure, 
such as choked disks, slow pulse, or high spinal pressure; or if (c) the 
presence of arteriosclerosis and hypertension does not constitute a con- 
traindication to operation. It is true that other hemorrhages may occur, 
but, if so, perhaps not for several years. 
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ACUTE TROCHANTERIC BURSITIS WITH CALCIFICATION 
Albert J. Schexx, ALD., axd Otto Lehmaxx, M.D., New York, N. Y. 

(From the Orthopedic Service, Mount Sinai Hospital) 

"T 1 HE clinical picture of acute trochanteric bursitis with calcification 

is not widely known. Consequently, errors in diagnosis are com- 
mon. In the literature extremely few observations are recorded, while 
more attention has been given to chronic trochanteric calcifications. 

In 1927 Steger, in Stegemann's clinic, reported five cases in which 
he localized the calcium deposit as either in the bursa, the tendon in- 
sertion adjacent, or the para-articular tissues in general. He attributed 
the clinical symptoms to the bursitis caused by mechanical irritation. 

Stegemann, in 1923 and later in 1930, reported similar cases in which 
calcification was noted and disappeared after diathermy. He drew the 
direct comparison with the shoulder as to calcification in the bursa and 
tendon insertion. He stressed the spontaneous onset of pain and empha- 
sized the possibility of confusion with periosteal trochanteric injuries 
and infections. 

Rouillard and Gloppe, in 192S, reported a ease entitled “Calcification 
of Serous Bursae With Acute Painful Attacks Like Rheumatism.” 
Their patient had disabling pain in the trochanteric region, fevei; and 
chills accompanied by roentgen evidence of calcification. There was 
complete recover}" in one month with salicylate medication. 

Nilsonne, in 1930, and Lecoq, as the first American author in 1931, 
described almost identical cases. Both had a history of preceding in- 
jury, followed after an interval of a year by chronic increasing hip 
disability; both showed a large calcification lateral to the greater tro- 
chanter. At operation both had the calcification in the gluteus medius 
tendon and muscle and marked inflammation of the adjacent bursa. 
Nilsonne remarked that the symptoms were due to the bursitis and not 
the calcification as Waldenstrom had demonstrated for the shoulder. 
Rubarov, in 1936, reported a similar ease in which operation was not per- 
formed and symptoms subsided spontaneously. Goldenberg and Leven- 
thal, in 1936, mentioned that two bursae were constantly present 
about the greater trochanter: (1) between the gluteus maximus and 
tendon of the gluteus medius, and (2) between the latter tendon and the 
bone. They classified the various types of supratrochanterie calcification 
as occurring (1) in the tendon of the gluteus medius, (2) in the bursa 
between this tendon and the greater trochanter, and (3) away from the 
trochanter on the undersurface of the gluteus medius muscle. They 
used routine hip x-rays and clinic records to obtain their data and de- 
scribed several chronic eases. 

Received for publication, Aug. 3. 1910. 
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Hitchcock described para-articular calcifications with acute symptoms 
in various localities, including the hand, quadriceps, elbow, ankle, finger, 
and shoulder, as well as in one ease in the supra trochanteric region. 
This patient had but a few weeks’ history and was cured in several 
months by diathermy, although she returned to work in ten days. He 
stressed the traumatic etiology and ascribed the symptoms to “calcium 
gout” with fever, local pain, swelling, redness, and heat. 

Finally, Sandstrom, in 1938, summarized the results of many years 
of study of these calcifications from the roentgenologic aspects. His 
larger series included cases of trochanteric bursal calcification. He dis- 
cussed the analogy between shoulder, hip, and other regions as well 
and stressed its amenability to roentgen therapy. 



Fig. 1. 


D . a »tniion of Cases.— Although the occurrence of these calcifications 
• . ithoo-enesis and location have been well described by the above 
and their p ( | el j uea t e d clearly the picture of acute trochanteric 

authors, none ion whietl resembles so strikingly the much de- 

bursitis Wita aeut0 su bdDltoid bursitis with calcification. In the 
scribed picture o Sinai Hospital we have observed seven cases, 

past few years a i ^ drawu to the existence of tin's entity, the eor- 
After attention ha ^ j ast fiv0 ra . sos before x-ray examination, 

rect diagnosis was made 
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Summary of Findings in Cases . — There were three males and four 
females, their ages ranging from 42 to 5S years. Four patients had 
complained of pains in the affected hip region previous to the present 
illness. Two had calcific bursitis of the shoulder before or after the 
trochanteric involvement. One patient regarded exposure to cold as the 
cause of his ailment, while the others knew of no preceding cause. 



1 he presenting symptoms were remarkably constant; i.e., severe pain 
in the hip region with inability to walk about, with onset less than 
torty-eight hours before examination. The outstanding physical findings 
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were exquisite localized tenderness over the greater trochanter, severe 
pain on abduction and rotation of the affected hip, little or no pain on 
flexion, and uo tenderness over the hip joint proper. 

Five patients had a temperature elevation to about 101°. In the re- 
maining two the temperature was not recorded. 

X-ray examination showed calcifications in all cases but the density, 
configuration, and position of the shadows varied. In five eases the 
calcification was situated lateral to the upper part of the greater tro- 
chanter. In the other two cases it was above the tip of the greater 
trochanter. 



Fig. 3. 


The total course was limited to three days or less in six patients, and 

the other also recovered promptly. The treatment v““~’ nt 

,ed rest, cold or hot applications, or local in 

vith novocain. In four cases, followed for n 
Y _ Disannearancc of 


other also recovered promptly, me trearment varied, consisting of 
ed rest cold or hot applications, or local infiltration 
... ’ „niTi. In four cases, followed for nine montl 


iiiimut >uj i of the calcific area 

dth novocain, m *>ui — * ,ine months t0 ov<>r one - v f l '.’ 

was no recurrence. Disappearance of the calcification was verified 
“ ere . , ... oftev one month. 


here was no 

r ‘ two cases after one month. 
iy x-ray in j n accordance with these findings, the diag 

I, This is i»,- 

tosis ox in acute lesion of the hip region associated with fever 

lortant because^an. t - ear o{ - a serious and prolonged illness. The 
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following conditions must be ruled out: (1) lesions of the hip joint 
proper and (2) lesions of the trochanteric region. 

These lesions may be fractures, arthritis, osteomyelitis, traumatic 
periostitis, or even neoplasm, such as Ewing’s tumor. Involvement of 
the hip joint can be eliminated by the location of pain and tenderness 



<H ° 1 ' t!le lip of the trochanter and the relative freedom of flexion and 
CX m? S * ou as eom Pared to abduction, adduction, and rotation. 

he x-ray evidence of a calcific deposit distinguishes this condition 
om t * ie other trochanteric lesions. However-, occasionally in the pres- 
tlHe ° ! ' a recent history of injury, ealcifie trochantex-ic bursitis may be 
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confused with avulsion fracture of the greater trochanter, as was done 
m a ease reported by Milch. 


DISCUSSION 

The analogy between calcific subdeltoid bursitis and calcific tro- 
chanteric bursitis has been noted by several of the authors mentioned in 
the review of the literature. They dealt largely with the chronic forms. 
The analogy between the acute cases is just as obvious. The anatomical 
site of the calcification in a tendon adjacent to a bursa, which in turn 
is near the large joint at the proximal end of the ii mb, the history of 
previous low grade symptoms in the same region terminating in an 
acute disabling exacerbation, the presumably similar pathogenesis, and 
the response to therapy, all confirm the analogy. 

The theory of pathogenesis of this lesion, as developed for the shoulder, 
can be applied to the hip. A preceding injury or degeneration, clinically 
with little or no symptoms, occurs in the gluteus medius tendon, which 
is an avascular structure. Healing occurs by calcification instead of 
fibrous sear. This gradually enlarges until it erodes into an adjacent 
bursa, either the large trochanteric bursa externally or the smaller one 
between the gluteus medius tendon and the trochanter tip, internally. 
The chemical bursitis gives rise to tiie acute onset of symptoms. 

Clinical healing of the condition is associated with production of 
hyperemia. Anything causing increased vascularity causes absorption 
of the calcific deposit and cure. The very inflammation of the bursa 
with its hyperemia accounts for the frequency of spontaneous cure. 
This explains why such varied therapeutic methods as diathermy, static 
brush discharge, x-ray therapy, local application of heat and cold, in- 
filtration with novocain, and aspiration of calcific material have been 
advanced as the best forms of treatment. They each constitute a method 
of increasing local hyperemia, and all produce the same general results 
with varying rapidity. 

In contrast to the shoulder, the hip symptoms appeared to subside 
much more rapidly and no recurrences have been noted. 

SUMMARY AND COXCM'SIOXS 

1 The literature on trochanteric calcifications has been reviewed. 

9 Acute trochanteric bursitis, with calcification, is a well-defined 
clinical entity as exemplified by seven case reports. 

3 The differential diagnosis has been discussed. 

' -uialoay with acute calcific subdeltoid bursitis is stressed. 

^ 16 f •ora'ble prognosis with any form of therapy which induces 

5. The ia%o ^ |^ en emphasized. Infiltration with novocain and 
hyperemia oca .' ‘ area appear most efficacious, 

multiple punctures oi 



SCHEIX-LEHMAXX : TROCHANTERIC BURSITIS WITH CALCIFICATION 779 


REFERENCES 

1. Goldenberg, B. B., and Leventhal, S. : Supratroehanteric Calcifications, J. Bone 

& Joint Surg. 18: 205-214, 1936. 

2. Hitchcock, H. H. : Calcifications About Joints, West. J. Surg. 45: 353-361, 1937. 

3. Lecoq, E.: Peritrochanterie Bursitis, A Case, J. Bone & Joint Surg. 13: 872-873,- 

1931. 

4. ililch, H.: Avulsion Fracture of the Great Trochanter, Arch. Surg. 38: 334-350, 

.. 1939 - 

5. Nilsonne, H. : Tendinitis Calcificans Trochanteriea, Acta orthop. Scandinav. 1: 

231-235, 1930. 

6. Bouillard and Gloppe: Calcification des bourses sereuses, etc., Bull, et mem. 

Soc. med. d. hop. de Paris 52: 9S6-991, 192S. 

7. Bnbarov, S. At.: Calcific Peritrochanterie Bursitis, Zentralbl. f. Chir. 63: 2187-9, 

1936. 

8. Sandstrom, Carl: Peritendinitis Calcarea, Am. J. Boentgenol. 40: 1-20, 1938. 

9. Stegemann, H. : Die Chirurgisehe Bedeutung Paraartikulare Kalkablagenungen, 

Arch. f. klin. Cliir. 63: 162, 1930. 

10. Steger, A.: Klinik und Behandlung Paraarticulaerer Kalkablagerungen am 
Hueftgelenk, Thesis, Stegemann ’s Clinic, Koenigsberg, 1927. 



THE ROLE OF ESTROGENIC SUBSTANCES IN THE 
PRODUCTION OF MALIGNANT MAMMARY LESIONS 

With Report of Case of Adenocarcinoma of the Breast, Possibly 
Induced by Strenuous Estrogen Therapy 

Willard H. Parsons, M.D., Vicksburg, Miss., and 
Eugene F. McCall, M.D., Augusta, Ga. 

(From the Department of Surgery, the Vicksburg Clinic) 


C VIDENCE increasingly tends to accentuate reported experimental 
•*— 1 work on the carcinogenic activity of the estrogens as regards their 
role in the production of malignant mammary lesions. LaCassagne, 1 
in his earlier experiments, demonstrated that the long-continued admin- 
istration of these substances to mice of a strain normally capable of 
developing spontaneous mammary adenocarcinoma in females only led 
to the development of such malignancy within the males. This work 
was very promptly confirmed by Burrows 2 and Bonser. 3 It has further 
been shown by Suntzeff, Burns, Moskop, and Loeb 4 that it is possible 
in mice to increase the incidence of mammary cancer by long-continued 
injections of estrogen; these authors state that the effects of the drug 
vary directly with the size of tiie dose administered and with the 
hereditary tendency of a given strain to develop cancer. The experi- 
ments of these authors indicate that the hormone plays a significant 
etiological role in the production of malignant mammary lesions, for, 
by increasing or decreasing the amount of hormone administered, the 
results were concordant; namely, the greater the amount of hormone 
allowed to act, the greater the effect produced. Heredity also played a 


most important part in the end results of their experimental work, for 
the more marked the hereditary responsiveness of the tissue, the greater 
the number of the tumors which developed and the earlier these lesions 
appeared. Many investigators have shown that the mammary glands i 
of male mice are hereditarily, at least, as predisposed to the development 
of carcinoma as are the glands of female. Following the injection of 
identical amounts of estrogen in male and female mice, cancer develops 
as readily, or perhaps more readily, in the male than in the female. 

C -dner and his co-workers 3 state that mammary cancel' seems to be 
f U sex-limited character in the mouse, depending on either “the fern- 
0 , a . fr " effects 0 f the female sex hormone and the induction of growth 
lmzmg jmai ,y gi all ds to serve as a substratum for differentiation of 
°f the man ^ ^ spee jfi c agent stimulating unrestricted mammary 

growth o B ex p er j me nted on a strain of white mice entirely free 

growth. ° carcinoma and injected tiiese animals of different 

from spontan n -qcIs ^-ith varying doses of theelin and theeliu 
ages, over varyum 1 
-^ved lor publication, Sept. 6. - 
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in oil, but he was not able in this fashion to produce malignant changes 
in the mammary glands or in the genital tracts. Emge assumed that an 
hereditary immunity protected the breasts and genital tissues of the 
rat against excessive and uncontrollable proliferation, regardless of the 
receipt of massive doses of the estrogens, and he believes that the sub- 
stance does not affect other species of mammalia in a precisely similar 
manner. Gesehickteiy on the contrary, has been able to induce mam- 
man cancer in approximately 100 per cent of normally nonsuseeptible 
animals,.. males or females, castrate or noneastrate, that have lived 
through the required time limit of six montlis or more, provided they 
were given the proper dosage of estrogen. This author states that 
estrogenic mammary carcinoma in rats indicates that cancer results from 
the physiologic action of the endocrine substance used, rather than from 
a direct carcinogenic action dependent upon chemical irritations, and 
he holds that genetic factors are of minor importance. Gcschich tor’s 
proof lies in the fact that the cancers produced in bis experimental 
studies did not occur at the site at which the hormone was implanted 
or injected, hut in a remote organ subject to hormonal physiologic con- 
trol. Additional evidence is offered by the fact that the time required 
for the appearance of the cancer is inversely proportional to the physio- 
logic intensity of the stimulus, the time required being reduced if a 
high daily dose is injected or if a more constant means of absorption 
is provided (such as implantation of pellets) or if compounds of greater 
estrogenic potency are administered, and by the further fact that syn- 
thetic estrogens of a different chemical nature (e.g., diethyl stillbestrol) 
but of similar physiologic action produce similar forms of mammary 
cancer. Influenced by his experimental work, as well as by his clinical 
observations, Geschickter advocates x-ray sterilization of young women 
possessed of hard, sc-hirrous types of cancer of a size of 5 cm. or more, 
believing that these individuals are favorably influenced by such ther- 
apy in that metastases, if they do appear, occur at a later date. 

HeBryde 8 has shown that estrogen applied to the skin of women is 
absorbed directly into the breast tissue and administered by this route 
is capable of producing a characteristic stimulation of mammary growth. 
Allen 0 offers a criticism of experiments dependent for their success on 
the administration of massive doses of estrogen to produce carcinoma, 
stating that the secretion of endogenous hormone from the animal’s 
own glands could not possibly approximate the large doses employed 
experimentally for this purpose. However, Pfeiffer, 0 according to Allen, 
showed that in rodents there is a sexual difference in the secretion of 
gonadotropic hormone by the pituitary, the pituitary of the male being 
several times more potent than that of the female. Pfeiffer 0 successfully 
transplanted the testes to female mice the day after birth with successful 
vascularization and normal growth of the transplant resulting in mice 
of the same inbred strain. Secretion from the transplanted testes mas- 
cularizes the female pituitary in that it induces it to secrete gonado- 
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tiopic hormones at the same level as that of the male. Due to the 
increased gonadotropic hormone level, a hyperovarian endocrine condi- 
tion resulted, as evidenced by the fact that the uterus and mammary 
glands of the animals showed atypical growth similar to those described 
as produced by long-continued estrogen stimulation. However, there was 
no comparison between the amount of ovarian secretion and that which 
had been used to produce carcinoma. That the liver plays an important 
role in detoxifying the estrogens is shown by the fact that experimental 
damage to the liver decreases the amounts of this substance that are 
necessarily given to produce cancer and such hepatic damage likewise 
shortens the time interval of appearance of mammary cancer. This 
fact, if the same holds true for human beings, would be worthy of clinical 
comment. 


Hoffman 10 has studied the effect of large doses of estrogen on the his- 
tologic structure of the human breast. Tissues for examination were 
obtained while performing plastic operations on the breast- and the 
author reports the ease of a woman in the reproductive age who had been 
given a total of 25 0,000 units of estrodiol benzoate. Breast tissue from 
this patient removed on the twenty-third day of the menstrual cycle 
showed an increase in the milk duets and an increase in the alveolar 
tissue with extreme hyperemia and edema. Shortly after the experi- 
ments of LaCassagne and others, the Council on Pharmacy and Chem- 
istry of the American Medical Association 11 warned of the possible dele- 
terious effect from the clinical administration of the estrogenic sub- 
stances and repeated warnings have appeared in the Journal of the 
American Medical Association 1 - regarding the indiscriminate use of 


estrogen. In a recent article entitled “The Public Be Warned” 13 the 
authors again cautioned against the indiscriminate use of hormones, 
especially at the hands of laymen. It was repeated that the hormone in 
specific amounts possesses the potentiality of bringing about serious 
changes in the genital and reproductive organs of women and that such 
therapy may induce changes in the breast with the subsequent develop- 
ment of cancer, especially in women possessed of an hereditary tendency. 
McBryde, 8 as previously mentioned, has shown that these products can 
produce changes by local application alone. 

1 iphe first reported ease of adenocarcinoma of the breast presumably 
induced by strenuous estrogenic therapy was reported by Mhihen and 
a . The authors lacked positive proof that the lesion in their ease 
We produced by estrogen, but the story tended to incriminate heavy 
vra * 1 _ i on <red estrogen therapy which had been administered. It is of 
and P\° .7 c t j,at the patient whose record was reported had only 
some st B ‘ j ierec jj tai . v tendency to cancer, there having been tin! a 
a very siS i ^ 0l - malignancy (and that not of the breast) in the family 
single i ns ance an( j Haagensen 1 ' have more recently reported a 

history. * _ U1 ‘ 11 er 0 f the breast developed in a patient subjected to 
case in which c ^ cs (rogen. These authors likewise were not 
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able to conclude positively that the estrodiol benzoate which the patient 
had received was the cause, or for that matter the contributing factor, 
in the production of the malignant mammary lesion that was present. 
It was felt, however, that such was possible if not indeed highly prob- 
able. Their conclusion that until more is known about the effects of 
the estrogen substances their use should be avoided in large or prolonged 
doses appears sound as does their warning to avoid such therapy if there 
is a histoiw of carcinoma in the family. If these dings are employed, 
careful initial and repeated examinations should be made of both breasts. 
Finallj-, in patients having chronic mastitis, carcinoma, or any form of 
breast neoplasm, either before or after surgical treatment or radiation, 
such therapy is imwise. 

Anspach 16 has recently referred to a patient observed by him who 
developed a malignant mammary growth following long and ill-advised 
estrogen therapy. 

We have recently observed an instance of adenocarcinoma of the 
breast, in which we feel that the estrogens given elsewhere over a pro- 
longed space of time may have played a part in the production of the 
neoplasm referred to. 

Case Report. — T he patient, a white female, 54 years of age, was admitted to 
the Vicksburg Clinic on April 12, 1940, presenting as her chief complaint the presence 
°t a “lump in the right breast.’’ In March, 1936, almost precisely four years 
previously, while taking a bath site noticed a lump in the upper quadrant of the 
right breast. The following day she consulted her family physician, wlio confirmed 
d'e presence of a mass. The breast was supported by adhesive strapping and tlieelin, 
-,000 units, was advised and administered twice weekly. At the end of three weeks, 
the tumor in the breast bad entirely disappeared. Nonetheless theelin injections 
"ere continued twice weekly for four additional months. Tlfe patient stated that, 
even after disappearance of the tumor, there was at times engorgement of the 
breast, but this symptom disappeared after tlieelin was discontinued. 

The patient then developed menopausal symptoms, the periods becoming irregular 
and scant. No further injections of tlieelin were given for sis months, then, because 
of persistence of these symptoms, administration of tlieelin was again commenced, the 
patient receiving twelve injections of 2,000 units each. The drug was then dis- 
continued for one mouth and then again twelve injections were administered. No 
further difficulty with the breasts was experienced until August, 1939, at which 
time it was noticed that both organs were engorged and very tender. The blood 
pressure and metabolic levels were found to be below normal. The patient was then 
given 2 gr. of thyroid extract daily and in addition tlieelin injections of 2,000 
units each were administered on alternate days for three weeks. The drug in this 
dosage was then given for tliree weeks. The drug in this dosage was then given 
twice weekly for four additional months. After the third week of such therapy 
the soreness subsided in the left breast, but a “lump” remained in the right 
bicast, being situated in approximately the same area as noted three years pre- 
viously. By December, 1939, the lump had subsided somewhat but was still palpable 
and tender. 

By Christmas, 1939, the patient felt well and all medication was discontinued 
through the holidays. In January, 1940, she suffered a severe attack of influenza 
and in the latter part of February slie had a sudden onset of acute inflammation 
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o tlie right breast. This process developed in twenty-four hours and had ail the 
usual evidence of an acute inflammatory lesion, with radiation of pain to the right 
shoulder and axilla and shooting pains in the right hemithorax. Treatment was 
again instituted by her physician, the therapy consisting of the application of 
diathermy to the breast daily for ten days, then on alternate days, and finally 
each third day. Two thousand units of theelin were given on alternate days. The 
signs of the acute inflammatory process subsided somewhat, but the mass in the 
right breast grew larger and remained tender. Under the above regime, the patient 
showed unsatisfactory progress and on that account reported to the Clinic for 
treatment. 


The past history was not remarkable. Neuritis, involving the right shoulder and 
arm, had been present two years previously, at which time eight teeth were extracted 
and relief was obtained. Roentgenograms of the chest and gastrointestinal tract, 
done elsewhere in 1938, were reported as negative. 

The family history, so far as malignancy was concerned, was entirely negative. 

The patient, a housewife, lived under excellent surroundings and circumstances 
and her personal and soeiat histories were not remarkable. 

The menstrual periods were established at 11 years of age. The menopause 
occurred at 52 years of age (1938). The patient was married and had one child 
living and well. One child born prematurely had been dead at birth. The marital 
and puerperal histories were otherwise not remarkable. 

Physical examination revealed a highly intelligent white female of approximately 
54 years of age. The head and neck presented no abnormalities. The blood pressure 
was systolic 110, diastolic GO. The temperature was normal. 

Physical examination, except of the right breast, was essentially negative. 

The right breast showed a large mass at the position of ten o’clock; the mass 
was adherent to the skin and there was definite puckering of the skin. There was 
neither retraction of nor discharge from the nipple. Transillumination of the breast 
confirmed the opinion that a large semisolid tumor occupied the right upper quad- 
rant of the breast. There were a few hard glands palpable in the right axilla. 

Roentgenograms of the chest and spine were negative and the various other 
laboratory studies made yielded essentially normal findings. 

A specimen of tiskue removed from the right breast proved the tumor fo he 
adenocarcinoma of Grade IV malignancy. 

A radical right mastectomy was done by one of us (W. II. P.). At surgery 
several glands along the course of the .subclavian vessel were found enlarged and 
were removed. These on biopsy were found to be malignant, showing an adeno- 


carcinoma, Grade IV. 

Pathologic report by Dr. John C. Henthorne: Right breast, adenocarcinoma, 
Grade IV *6.0 by 3-0 by 3.5 cm. Diffuse involvement of axillary nodes. Subclavian 
node early involvement of one node by metastatic carcinoma. 

’ was necessary at surgery to remove so large an area of skin that secondary 
ft' ' was required. The patient at discharge from the hospital was in good 
gra mg ^ ^ estimated that this patient had recoiled a total of approximately 
SOOOOOWlits Of theelin. It is felt that the prognosis is exceedingly poor. 


coxcf.r sio.vs 


, r#nv able investigators have been able I.. produce. employing strains 
iuauj i £ developing spontaneous mammary earcimmia, nialig- 

of mice capa e die breast in male mice by con tinned estrogenic fber- 

nant neoplasms o also to mince the age level at which such 

apy. 11 IiaS eC ' lin;ir ilv develop adenocarcinoma of the breast. Other 
strains would 01 ‘Vj malignant lesions of the breast in rats 
investigators have pioduce 




Fig. 1. — Photomicrograph of mammary carcinoma (hematoxylin-eosm stain, xloQ). 
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At the present time it would seem unwise to draw definite conclusions 
regarding the actual production of malignant lesions in the human 
being as a result of prolonged or massive estrogen therapy. Before such 
a position would be tenable, more careful study will be necessary to 
evaluate the already accumulating ease reports, but from the evidence 
now at hand it would seem that the indiscriminate use of the hormones 
is certainly not beneficial to the majority of the patients on whom they 
are used and may actually be harmful. Certainly they should be em- 
ployed with judicious care. 

In the case reported here, although again definite proof of the role 
of the estrogens is lacking, one would suspect at least that the estrogens 
may have played a very major etiological role in the development of the 
malignant adenocarcinoma that was present in the breast. 
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CHRONIC INTRA- ABDOMINAL LYMPHADENOPATHY 

With Special Reference to Chronic Nonspecific 
Mesenteric Adenitis 

Abraham 0. Wilexsky, M.D., New York, N. Y. 

T TP UNTIL recent years intra-abdominal lymphadenopathy has never 
^ received the attention which equals in any way that which lymphad- 
enopathy in other parts of the body has received. In a previous com- 
munication a study of the acute forms of intra-abdominal lymphad- 
enopathy resulted in the following conclusions: 

General abdominal lymphadenopathy reflects a similarity to other 
lymphadenopathies in different regional areas. In the abdomen many 
of them are parts of distinct symptom complexes, such as typhoid fever 
or dysentery. Others are related to loosely gathered clinical entities 
known collectively as the rheumatic group. Still others are related to 
various groups associated with generalized cutaneous manifestations 
including some of the exanthemas. A large group seems to be related 
to a preceding catarrhal or throat infection and this seems to have some 
relationship to forms of glandular fever and infectious mononucleosis 
and to what is clinically known as abdominal grippe. Finally there is 
a group in which the lymphadenopathy cannot be clinically connected 
"da any demonstrable preceding or accompanying lesion. Because of 
this fact the cases in the latter group have been associated in a still 
undemarcated and undifferentiated group and are called nonspecific 
adenitis for want of a better nomenclature. 

Not always is the causative agent demonstrable in nonspecific mesen- 
teric adenitis. In only a minority of the latter cases bacteria can be 
demonstrated in the glands, and the predominating organism is some 
strain of streptococcus. Occasionally other bizarre organisms can be 
cultured, such as Bacillus melitensis. An unidentified virus has also 
been suggested as the causative agent, but the correlation of this virus 
"dh that which might cause poliomyelitis has not been proved. No 
relationship can be demonstrated by the Frei test with lymphogranu- 
loma venereum ; and. although various parasites have been found to 
occur in the intra-abdominal lymph nodes, a causal relation cannot be 
established between them and acute nonspecific mesenteric adenitis. 

The portal of entry for the causative agent for acute nonspecific 
mesenteric adenitis is only on rare occasions the appendix, and this can 
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happen only because of some anatomical abnormality of the lymphatic 
drainage pathways of the appendix. More commonly the portal of 
entry seems to be related to catarrhal or throat infections and then 
acute nonspecific mesenteric adenitis is least commonly a manifestation 
of a hematogenous mechanism ; or, more commonly, the causative agent 
is swallowed from the oropharynx and passed along to the terminal 
ileum from which local absorption occurs. Most often of all the non- 
specific mesenteric adenitis is a local absorption effect from some local 
nondemonstrable lesion in the ileal segment of the alimentary canal. It 
can be safely assumed that this includes various forms of transient 
enteritis and other surface infections, aided and abetted by various gross 
and microscopic injuries and other forms of physical and chemical 
trauma. 

In tin’s most common mechanism the similarity to the ordinarily ob- 
served phenomena in cervical adenitis is absolute. In either case local 
injuries and infections permit the passage of the causative agent to the 
appropriate lymph nodes. The mechanism is based upon an exact 
duplication in either position of the anatomical arrangement of the local 
lymphadenoid tissue in the wall of the alimentary canal and the cor- 
responding lymph nodes. The heaping up of extraordinary collections 
of lymphadenoid tissue in the wall of the alimentary canal at either 
of these locations is remarkable and seems important from an etiological 
and mechanistic viewpoint. 


The Lymphadenoid Tissue . — The important role played by the lym- 
phadenoid tissue of the alimentary canal in all forms of mesenteric adenitis 
is correctly appreciated only when one realizes the great frequency with 
which it becomes involved in the various diseases known to clinical 
medicine. This tangible knowledge indicates an astonishingly large 


incidence of involvement of the mesenteric glands in typhoid and para- 
typhoid fever, in the various forms of bacteriemia, in status lymphatieus, 
in tuberculosis, rarely in syphilis and actinomycosis but more commonly 
in the various blood dyserasias, in a case of agranulocytosis reported 
by Felscn, 3T and in the various forms of colitis, enteritis, and dysentery. 
This list does not include the various forms of malignancy and such 
borderline lesions as Hodgkin’s disease. In some of these, such as 
tmhoid fever, the mechanism of development and the path of transit 
f the infection are well known. The newer anatomical knowledge in 
colitis mid dysentery indicates a fairly close approximation to the latter. 

11 forms 0 f diarrheal disease in infants and children (infantile 
. a c ] J0 lera infantum, acute ileocolitis in infants and children, 
diarinca, process seems centered in or shows a pre- 


• / cholera infantum, acute ileocolitis in infants and children, 

diarrhea, ete \ die process seems centered in or shows a pre- 

summer tiau i <> . j u -f V aIK l substance of the intestinal lymphadenoid 
dilection (oi ^ ma rked in Fever’s patches. Apparently all 

collections an b J infections ami reach down into the suh- 


collections ^ ^ surface infections and rand* down into the suh- 

of these wa jj i)S the pathologic process proceeds. The 

stance of the intes m 
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spread into the wall occurs along the lymph channels (he., lymphangitis^) 
into collections of lymphadenoid tissue (solitary follicles, Peyers 
patches). "Wherever in the various publications (Holt,* 0 Felsen, ete.) 
particular attention is paid to this element, and the findings leeoided, 
it is astonishing to see how much and how often specific mention is 
made of the localization about and the involvement of 1 e\ ei s patches. 
In this regard the differentiation between small and large intestine is 
merely a quantitative one and depends upon the distribution of solitary 
and aggregated collections of lymphadenoid tissue (solitary follicles, 
Peyer’s patches). In the small intestinal eases it is common to find 
the lesion localized for the most part and/or limited to the lower ileum 
where the lymphadenoid tissue abounds to such a large extent in the 
intestinal wall. The spread iuto and the involvement of the adjacent 
tissues of the intestinal wall become visible only with the prolonga- 
tion of the illness into a relatively chronic stage and with its anatom- 
ical development. 

So-called catarrhal infections are commonly associated regionally 
with the upper reaches of the alimentary canal and have been previously 
referred to under the general nomenclature of throat infections. Foi 
the most part these occur anatomically 7 in relation to the lymphadenoid 
apparatus of the tonsils and adenoids and their secondary lymph node 
involvements occur in the anatomically related cervical glands. They 7 
are commonly 7 said to be surface infections. Whether such catanhal 
infections can occur deep down in the ileiun and originate in and about 
the Peyer’s patches is something which Is apparently bey T ond the pres- 
ent available powers of demonstration, but certainly it is so that in 
simple mesenteric adenitis without other demonstrable lesions theie aie 
identical symptomatic and anatomical manifestations to those similai 
lesions that originate in the oropharynx, and this assumption cannot 
he denied. The interplay of throat infection with abdominal symp- 
toms as indicated in the previous communications is more than a meie 
coincidence and is remarkable. 

The previous communication 1 ' 1 on acute abdominal lymphadenitis 
summarized all of the available knowledge concerning the anatomy and 
physiology of the intra-abdominal lymph nodes. This included the 
Usual type of structural arrangement and its “normal variations. The 
normal functional processes (physiology) and the ways in which these 
processes are affected by age, nutrition, environment, growth, etc., and 
certain abnormal conditions of the body, such as fever, anemia, etc., 
were all gone into very exhaustively. It does not seem necessaiy to 
Repeat this factual knowledge and those interested sufficiently are le- 
ierred to the original paper or to the standard woiks on anatomy and 
physiology 7 . It seems important, however, to comment again upon the 
variable size of the nodes when distinguishing between normal and ab- 
normally enlarged glands and this factor is especially 7 important in 
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long-standing or chronic conditions. It seems that there are as yet no 
certain measures of the normal variation in size of the mesenteric and 
othei lymph glands. Mead’s 80 paper and Heilman’s 54 investigations 
and numerous other observations referred to by Strombeck 127 on sol- 
diers killed in World War I show that the lymphatic tissue and glands 
may be considerably more developed than have hitherto been assumed. 
In my previous study ” 1 I have stressed this anatomical variation and 
have pointed out the possibility which cannot be totally excluded: that 
in many of the published cases the size of many of the observed intra- 
abdominal glands may have possibly been within normal limits, that 
errors in interpretation therefore could easily have been made, and that, 
as a consequence, fundamental errors of diagnosis were possible in the 
reference of any observed symptomatology to such lymph nodes. 

It seems important also to comment again upon the superlatively 
developed absolution function of the intestinal tract, which, combined 
with the constant presence of bacteria in the intestinal lumen, creates 
a situation in which the passage of bacteria from the bowel interior 
into the associated lymphatic vessels and glands must be considered 
an almost normal and physiologic phenomenon. Although manifesta- 
tions of the reaction of the host’s defense mechanism against this con- 
tinuous onslaught of bacteria (i.e., disease) is not apparent, it must 
be true that lymphatic enlargement will take place and in certain in- 
stances persist. In the ordinary stress of health and disease and under 
the proper circumstances this would tend either to encourage refer- 
ence to or to complicate attempts at integration of the presence of 
enlarged mesenteric nodes into a given symptom complex in which 
other pathology is not demonstrable. 


CHRONIC INTRA-ABDOMINAL ANd/OU MESENTERIC LYMPHADENITIS 

In contradistinction to the discussion of acute abdominal lymphad- 
enopathy made previously, the material in this communication refers 
to chronic forms of abdominal symptomatology. In this communication 
the term chronic refers to symptoms referred to in the interior of the 
abdominal cavity which have lasted a relatively long time, or which 
have occurred as a succession of episodes interrupted by periods of 
lesser intensity, perhaps almost to the point of complete disappear- 
The appearance of such episodes as acute or subacute phenomena 
an< st under such definition be interpreted as acute or subacute cxacerha- 
Hnns of the underlying cause of the abdominal pain. 

Vl ronic abdominal symptomatology in this communication will have 
e t0 that associated with early or late malignancies of any 
n° retei forms 0 f hypertrophic growth, such as Hodgkin’s dis- 

kind; no1 ^ . p ie borderline of nomnalignant and malignant pathology: 
ease, lying m manifestations associated with definite diseases of 

nor with con mu p er jpheral uerve apparatus. Infections with the 
neurologic spma gpirochaeta pallida, or with other such ex- 

tubercle bacillus, with 
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tremely specific forms of inflammation will be referred to as the occa- 
sion seems fit. But, in the main, this communication refers to abdominal 
symptoms caused by inflammatory changes produced by the ordinary 
forms of pyogenic bacteria. The ultimate purpose is to explain certain 
chronic abdominal symptom complexes as being caused by chronic in- 
flammatory effects in the abdominal and especially in the mesenteric 
lymph nodes alone or as a consequence of certain complications which 
can secondarily occur; and, conversely, to stress the importance of the 
lymphatic apparatus iu the production of chronic abdominal disturb- 
ances. In this regard this communication forms a corollary to the previ- 
ous communication on acute nonspecific mesenteric adenitis. 


In view of past experiences one cannot fail to be impressed with the 
frequency with which the elucidation of the origin of certain chronic 
abdominal symptoms still remains impossible ; this in spite of the vast 
strides which have been made in abdominal diagnosis. With modern 
methods and modern instrumental and laboratory aids the number of 
such unexplainable eases has gradually grown smaller and smaller, but, 
nevertheless, there still remains a large group in which this disability 
still exists and in which recurrences of symptoms follow operation. 

It has been too easy to ascribe these nonsuccesses to hysterical or 
neurasthenic bases in the subjects who presented themselves with 
these symptom complexes, but, as experience grew, it became possible 
to markedly restrict any neui’ogenie origin and to classify cases with 
chronic or recurrent abdominal symptoms somewhat as follows: 

1- A large group in which adequate study is able to demonstrate a 
uiologie lesion and in which a definitely good result follows the cor- 
rect form of therapy. 


— A smaller group in which it is possible to demonstrate (a) the 
Presence of gallstones or (b) the absence of a roentgenograp Ideally 
msualized dye-filled gall bladder, in either ease with or without clin- 
ic-al or other evidence of any inflammatory change. In spite of the 
Possible history or observation of definite attacks of gall bladder or 
'epatie colic, it is universal experience that in about 10 per cent or 
11101 e °f mieh cases recurrences of symptoms have followed the operation 
m cholecystectomy in which a satisfactory cause of the original and of 
10 1 ccurrent symptoms apparently could not be demonstrated. 

3. A group in which abdominal pain could be finally correlated with 
cmale pelvic disease of one kind or another. 

. ' ^ le ^'gest group in which the appendix is said to play a role and 

111 a classification of the available facts yielded the following: 


the 


l , 

* v o r °up m which operation (appendicectomy) was not done in 


acute stage of a bona fide acute appendicitis (acute suppurative, 
Piir ^ 8angreilous > acute empyema, acute perforative appendicitis, etc.). 
^ one reason or another the symptoms continued for a variable length 
t'nie ruto a chronic phase until the appendix was removed at a later 
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peiiod. The usual conditions found were a chronic abscess or chronic 
hypertrophic forms of appendicitis in some cases approaching the lesion 
of nonspecific granuloma of the intestine. An invariable cure followed. 

b. There was a small group in which it was said that the pain re- 
sembled that of gastric and duodenal ulcers but in which the symptoms 
were referred to the appendix without, however, any pathologic lesion be- 
ing demonstrable therein. In almost countless experiences this has been 
proved to be a delusion. The pain had no demonstrable relation to 
the appendix or to the stomach and duodenum and no other demon- 
strable basis. In practice it was most difficult to handle and never 
reacted to any therapeutic agent which was employed. 

c. Another group consists of cases in which the main symptom was 
unrelievable episodes of or continuous annoying, sticking pains in the 
right side of the abdomen without the symptoms simulating any well- 
known complex. Appendieectomy and other forms of therapy were of 
no help. 

In later years it has seemed to be more and more true that many, if 
not all, of the cases in Groups b and e had some form of psychoneurotic 
basis and background for the clinical picture. It was frequently sug- 
gested by the presence of corneal and pharyngeal anesthesia and by 
excessive activity of the knee and other tendon reflexes. 

d. This large group consists of eases in which an obliterated appendix 
was removed. Commonly this was associated with a somewhat hyper- 
trophic change in the terminal nerves of the appendix which was 
labeled a neuroma. Recurrences of symptoms were almost the rule and 
I am convinced that such anatomical changes are of regressive involu- 
tionary character and cannot produce any abdominal pain. 

5. In the last decade attention has been focused on a group of cases 
in which abdominal symptomatology has been demonstrably associated 
with enlargement of the mesenteric lymph nodes. The previous numer- 
ous discussions have considered only the acute episodes of mesenteric 
lymphadenitis. It is the purpose of this communication to call atten- 
tion to the chronic forms of mesenteric lymphadenitis. 

Considering the subject from an entirely different approach, it seems: 

1 That there are certain abdominal manifestations that are common 
in adults and practically unknown in infancy and early childhood, such 

those of chronic gastritis, ulcer and carcinoma of the stomach, biliary 
'Vc «astric crises in tabes dorsalis, and movable kidney. Appendicitis 
?° 1 ’ ° t j y a g rea t rarity in the first and even the second year. 

' S o^That there "are some abdominal symptom complexes that have the 
„ aU( i the same characteristics at all ages, or at least 
^ld^fchiklren ami in adults, such as salpingitis, appendicitis, and 

renal colic. . m inal manifestations occur wholly or predomi- 

3, That othei a . , j v childhood. Those occurring in infancy 
nantly in infancy and/oi . 
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are nearly all produced by obstruction of a hollow viscus (pyloric steno- 
sis intussusception) or are associated with digestive abnormalities 
(eohe). Later abdominal pain occurs with throat infections and with 
pneumonia, but this is relatively acute. Chronic abdominal pain occurs 
with tuberculous spondylitis, nonappendical forms of peritonitis, multi- 
oim pains of tuberculous peritonitis, abdominal pain that accompanies 
rheumatism and Henoch’s purpura, the occasional case of chronic pain 
hue to worms, and chronic pain and symptoms due to enlarged inflamed 
mesenteric and retroperitoneal glands. 


CLINICAL PICTURE OF CHRONIC MESENTERIC ADENITIS 
There is a form of long-standing chronic abdominal disease in which 
of i eom P ^ a “ 1 vague and diffuse intermittent transitory attacks 
eoie-y, chawing or dragging pain in the right lower quadrant or 

reiTY ^ 10118 ° f the abdomen commonly associated with anorexia, with 
, ea 6 ^neks of indefinite gastric distress associated with nausea 

tioi U 'Tr I1S ’ * 0SS w eight, and with slight fever. Constipa- 
mav l ' 1 C ’ ai ' lllea are not common symptoms in the chronic form but 
•Vn'd X! P1 ? Sent * n tiie characteristic acute exacerbations which occur. 

• aee01- dmg to Alvarez 2 a subacute form of arthritis finally follows 
j ?, me " ^ le symptoms occur similarly in older children and in young 
I more commonly in the female sex. 

towarl 6 m ° le advanced cases an d in the older group there is a tendency 
may 1 ) marlced mimicry of other known symptom complexes. There 
of no e . symptoms of dysphagia (Wakely 336 ), or symptoms suggestive 
Dail u r Cei ’ f Thiemann > 12 ° Lund , 83 Bier , 30 Keppler and Erkes , 73 
Olost^P -l L ’i un Sg ren > 81 Golden and Reeves 47 ), of biliary colic 
°r dia'-’Ii n ~^ amlos )> of intestinal spasm (Schalij 33S ), of constipation 
Walk U 13 f a ^ t . ern * 5 ei 'S 12 '’)) of renal colic or hematuria (Schmieden , 123 
(Ljunlrr ^ ay idovitch , 31 Golden and Reeves 47 ), or even of sciatica 
closely 5 t}> ea ^ • r ^ e mos ^ common symptom complex imitates very 
•^rjj which we customarily have known as chronic appendicitis. 
f0lmd — sue h a patient is explored by abdominal incision, there is 
Lmed j Cadered throughout the mesentery a variable number of en- 
nodes. Not always are there evidences of any distinct 
such 0Fy Pr0CeSS ’ and 011 histologic examination, the majority of 
plasia'” of 1 ' f 6< ? glands will reveal a cellular and sinus hyper- 

th e j,. n ° ^ le * r Interior structure. The immediate impression is that 
form 0 ; P - 8land cnhu'gcorent is due to some long-standing (chronic) 
tion °v ud ' cc t‘ on of immediately undeterminable etiologic classifica- 
watched T ° rdl<de ' ss ’ f°r a long time thereafter the patient will be 
disease 1 •!! ldler ’ P°ssibly under the suspicion that a true Hodgkin’s 
tj Qn „ a '' Vi * ater ' ;,e ree ognizable, but further and prolonged observa- 

ln tl°'. n0!; ^ Gar dl ' s out - 

that a T' t ‘ Pe s * vm Pt°m complex there is much evidence to show 
c Home mesenteric adenitis is the cause. Struthers, 32S Freeman , 44 
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and Hutchison 04 have all emphasized the x-ole of mesenteric lymphad- 
enitis in the causation of abdominal pain in children. Such an 
adenitis can best explain the associated tenderness and spontaneous 
pain, as in inflamed glands anywhere, here, due to irritative colic 
producing peristalsis, the predominance of pain about the center of the 
abdomen and the lower right quadrant, which seems a favored region, 
and the occasional persistence of pain and tenderness long after the 
primary infection has apparently ceased to be active. 

Occasionally such glands are sufficiently large to be palpable. In 
influenzal infections Brennermann 17 reports that extensive mesenteric 
adenitis is a frequent finding in post-mortem examinations, and more 
and more commonly, as attention is being constantly focused on this, 
enlarged glands form the sole findings at abdominal explorations either 
performed frankly as such or done under mistaken diagnoses. 

The pain may vary from a dull, grumbling discomfort, usually in the 
right lower quadrant, to attacks so violent that surgical intervention 
is considered. The mechanism by which this pain is produced in uncom- 
plicated eases has never been fully explained. Inflammatory irritation 
of the peritoneum over the node and mechanical irritation of nerve 
fibers in the mesentery with disturbed visceral physiology have been 
suggested (Golden and Reeves 47 ). Evidence of the former is usually 
lacking at operation. The possibility of the latter is suggested by the 
colicky character of the pain in some cases together with absence of 
disease of the intestine itself. 

The periumbilical coliclike pains, which accoi'ding to some are char- 
acteristic of mesenteric adenitis, are ascribed to reflex intestinal spasms 


or partial invaginations (Tyrrel-Gray, 1922 131 ) which cause an abnor- 
mally strong pull on the mesenterium. According to others even a nor- 
mal postprandial peristalsis may give rise to similar pains if the 
mesenterium has become abnormally sensitive owing to the enlarged 
glands (Goldseheider 43 ). Briining (1921-3 922), 20 on the other hand, 
considers that the pain is caused in the intestinal wall itself, but this 


opinion has not yet been generally received. 

Intestinal spasms and invaginations have been observed in cases ol 
mesenteric lymph gland enlargements. Carson (191S) 22 presents two 
cases in which he found in children partial spontaneous invaginations 
'ith the starting point corresponding to the site of the glandular altera- 
"• Braithwaite 13 (1926) describes an operatively demonstrated lim- 
Tfl snasni in the lower paid of the ileum jus t opposite a calcified 
1 nd surrounded by reddened serosa and situated close to the free 
border of the mesenterium. 

iiiority of these eases occur in children and in the female 
The vas ” be accepted as more or less characteristic of this 

sex so tna i difficult to say how frequently this form of chronic 
affection. It , Foster’s 42 series of cases in which lie has 

lymphadenitis occurs. 
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grouped acute and chronic eases, it seems remarkable that the percentage 
for the chronic cases is 64 as opposed to 8 per cent for the acute cases, 
lly own experience is not large, when the eases which have received 
operative or other proof only are considered, because, ever since my 
attention was first attracted to this lesion, I have consistently refused 
to operate upon cases with any such symptomatology unless and until 
the observable phenomena were so strong and so acute as to render opera- 
tion compulsory. Consequently the number of proved cases of my 
own are too few in number and I have possibly escaped making' an 
undue number of errors. 


Then, too, the observable anatomical facts are frequently and com- 
fflonly not so easy to differentiate and classify. Commonly one ques- 
tions the role of tuberculosis or suspects an early stage of Hodgkin’s 
disease or other form of lymphatic malignancy. It may happen that 
one is not impressed with the presence of enlarged glands and dismisses 
them lightly as of no importance. Therefore a correct impression of the 
relative and actual number of cases of simple chronic mesenteric lym- 
phadenitis may not be made until a much larger diversified number of 
adequately proved cases is available in the composite experience. 

The differentiation between acute and chronic cases is sometimes more 
or less of an artefact, because at times the chronic eases are simply 
those in which a succession of acute episodes has taken place separated 
by intervals in which the symptomatology is less intense or in which 
't has simmered down even to the point where the symptoms are toler- 
ated so completely as to make the patient believe they have disappeared 
entirely. In either case chronic anatomical changes eventually char- 
acterize the pathologic picture. This probably accounts for the peculiar 
Percentage figures in Poster’s 42 series. 


Commonly roentgenographic study of the abdominal viscera (gastro- 
uitestinal series, etc.) shows no abnormality. 

Under the usual normal condition, roentgenographic observation 
■hows that the stomach empties continuously and barium passes stead- 
‘b in the normal direction, reaching the cecum in one and one-half to four 
hours. Each successive film shows progress distally in the position of 
'he head of the barium column. Tire segmental peristaltic movements 
. smoothly and are promptly followed by normal flexible relaxa- 
tl<m °f the intestinal wall. If there is no delay in movement, the ileum 
should be empty in nine bom’s. The barium mass in the normal small 
mtestine is usually continuous ; that is, it is not broken up into sepa- 
rate small oval boluses. The width of normal, barium-filled loops varies 
t0lu U5 to 3.0 cm. and is usually 2 to 2.5 cm. 

1,1 association with acute symptoms Golden and Reeves 47 observed 
|; le blowing manifestations of disturbed small intestinal physiology: 

U) Localized spasm, i.e., narrowing of a small segment adjacent to the 
calcified node, either temporary following a peristaltic wave, or per- 



79G 


SURGERY 


sistent; (2) persistent generalized spasm of a group of small intestinal 
loops iii the region of the diseased nodes; (3) delay in the passage of 
barium at the site of the calcified node; (4) delay in the emptying of 
the ileum for periods of over nine hours.” 

In a certain number of the eases areas of calcification are visualized 
roentgenograph ically. Golden and Reeves 47 point out the possibility 
that the roeutgenographically observed physiology in the intestine may 
be an explanation for the symptoms often associated with calcified 
mesenteric lymph nodes: “These disturbances in small intestinal physi- 
ology seemed to take place in loops of intestine directly adjacent to cal- 
cified nodes. The puckering and contraction of the mesentery about 
them and the distortion of the blood vessels make it seem very likely 
that the nerve fibers are involved in the process. One manifestation of 
abnormal intestinal physiology observed in these eases is spasm, and 
spasm of the intestine offers at least one possible explanation for pain. 
Occasionally a patient says that pressure on the calcified node repro- 
duces the pain for which relief is sought.”* 

This presents an acceptable mechanism for the initiation of such dis- 
turbances in intestinal physiology. However, one should always re- 
member to keep a questioning attitude concerning the relationship of 
roeutgenographically demonstrated calcified abdominal lymph nodes and 
the symptom complex which an individual patient presents because it 
is not necessarily so that the one causes the other. 


ETIOLOGY OF CHRONIC .MK3ENTEIUC ADENITIS 


I refer again to my first communication 141 in which a complete 
resume of the factual knowledge regarding acute mesenteric adenitis 
is made. This is necessary because any acute condition may theoret- 
ically, and in some of the eases actually does, pass into a chronic phase. 
For purposes of clarity the various etiological factors will be listed 
amiin and the relationship of any of them to chronic symptomatologies 
will be made and emphasized. 

1 General Factors . — A list of the agents which can cause generalized 
lyniphadenopathy in which the mesenteric glands may take part includes 
many others besides those in the following groups: 

The first group include infections of the upper respiratory tract, 
d liar fever (infectious mononucleosis), some of the exanthemas, 

" al | ! fever and influenza. These arc distinctly acute infections 

tJ hieh very rarely go into a chronic stage. 

5 n( j group include tuberculosis, syphilis, many cutaneous 
b- lh ’ . . ° ( j ue to certain metals, marked inflammation or ulcers 

diseases, poison = ' . j| y j.j 10se 0 f long duration, actinomycosis, rickets, 

of the intestines, . an d miscellaneous foci of infection of vnr- 

opm’VV, status 1 

discussion under tuberculosis of the mesenteric nodes. 

•Compare this with ' 
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ions types. 'While all of these necessarily must have a beginning which 
might possibly be interpreted as an acute stage, they are all best known 
in their chronic manifestations and should more correctly be consid- 
ered as such. 

c. A third group of lymphadenopathies are associated with leueemia, 
sarcoma, Hodgkin’s disease, and carcinoma and these are rightfully out- 
side of the subject under discussion. 

2. Lymphatic Block Around the Appendix (Royster 110 ). — If such an 
anatomical abnormality would have any effect, it would no doubt be 
followed by chronic symptoms. Nevertheless I know of no specific case 
either in my own experience or in other literature in which this etiolog- 
ical factor was indubitably proved. 

3. Trauma . — Except for Wagner’s 135 possibly not very conclusive 
case, there is no other experience along these lines. Compensation 
courts have ruled, however, that trauma can be a competent producing 
cause for abdominal symptoms. Nevertheless, in scientific medical cir- 
cles the evidence of properly controlled scientific observation is needed 
before this ruling should be approved. 

I include the notes of the only case of this kind in my experience, 
even though the case can not be classified as acute. I do so, wishing 
to put this case on record because of any medicolegal value it may 
have and because it illustrates the want of scientific basis for any 
etiological assumption. 

A 7-J'ear-old girl sustained a moderately severe fall and landed squarely on her 
buttocks. Immediately thereafter she complained of severe abdominal pain and 
(luring the remainder of the day she vomited several times. The next day the 
pam grew less and the temperature remained normal. On the following day, 
however, the pain returned and the temperature rose to above 102° F. The family 
physician noted that there was tenderness and a boardlike rigidity and that the 
patient screamed with pain during the examination. When I examined her, the 
breathing seemed diminished abdominally and I confirmed the other abdominal 
findings. The indication led us to operate immediately: (1) because we could 
aot evaluate correctly the role of the initial trauma and we feared its possible 
consequences, and (2) because the picture was that of a bona fide acute appendicitis 
°f more than mild or moderate severity. The exploration, however, showed no sign 
°f any intra-abdominal injury and no macroscopic evidence of an undoubted 
appendicitis, but a large number of swollen mesenteric lymph nodes with a 
moderate serous peritoneal exudate. The appendix was removed. The patient’s 
temperature gradually fell to normal as is usual in any lymphangitis elsewhere 
■n the body and an uneventful recovery followed. 

-f. Allergy. — It is difficult to avoid involving an allergic mechanism 
m the chronic cases in which the symptomatology consists of a succes- 
sion of episodes which sometimes increase progressively in severity and 
111 acuteness. Kleiber’s 72 experiments in Pribram’s Clinic in Berlin 
furnish an explanation of the recurrences of local inflammatory processes 
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along allergic lines. I am very much inclined to accept this mechanism 
as an adjuvant factor in at least some of the cases of this kind. 

5. Parasites .— The role of intestinal parasites in the etiology of acute 
mesenteric adenitis was extensively discussed in my previous communi- 
cation on that subject. In young children who harbor these parasites 
abdominal complaints are frequent and enlargement of the mesenteric 
glands has been noted. In some of the chronic eases at least (in 
contradistinction to the acute eases), there seems to be a distinct causal 
relation between the parasites and the lymph gland enlargement. The 
usual habitat of the worms is the lower part of the ileum and the 
appendix and the cecum, which I believe are the ordinary starting 
points of lymphadenitis. 

6. Rheumatic , Erythema, Purpura, etc., Groups . — Individual cases 
are prone to a symptomatology that extends over a considerable time 
so that they are customarily known as chronic conditions. Occasionally, 
as pointed out in the previous communication on acute mesenteric 
adenitis, 141 the post-mortem examination of fatal eases reveals an unex- 
pected enlarged condition of the intra-abdominal and mesenteric nodes 
in which streptococci are sometimes demonstrable. While the course 
of the dominating disease (rheumatic, erythematous) is of long dura- 
tion (chi’onie), it seems that such glandular enlargements are probably 
due to added bacterial infections to which the generally debilitated con- 
dition of such individuals makes them prone. Chronic mesenteric adenitis 
occurs in certain specific infections. 

7. The Dysentery Group . — This is a chronic affliction marked by more 
or less numerous exacerbations and recrudescences of infection in which 
an allergic mechanism undoubtedly plays an important part. In the 


acute episodes the associated lymph glands are swollen and hyper- 
plastically inflamed. A good deal of retrogression occurs in the in- 
tervening periods between the aeute manifestations. The glands, how- 
ever, never x - eaeli normal and a chronic adenitis remains. This is a 


specific form of chronic mesenteric adenitis. 

8 Nonspecific Granuloma of the Digestive Tract . — In certain quar- 
ters it has been suggested that this is the terminal stage of dysentery 
(Hurst 03 Felsen, 37 and Winkelstein 142 ). In my previous communica- 
tion 141 I came to the conclusion that these chronic granulomatous lesions 
result from a variety of preceding conditions. The essential lesion 
demonstrable in operating room and autopsy specimens is an interstitial 
1 mohangitis of the bowel wall with miliary foci of suppuration, and 
Jith secondary scarring, thickening, and contracture. This lesion also 
• .1- 1 clinically by exacerbations and remissions, and the condition 

3 f The associated intra-abdominal lymph glands follows closely the age 
01 wc „ the intestinal lesion so that a chronic adenitis 

and tl» ^ fte view th „ „„„ s p ec ifl c s „m,loma of the 

is present. I 0( j uc t of some specific infection such as dysentery, 
intestine mthe^eii^^ may veiy we )I be considered as a specific 
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lesion. If, however, one takes the view that the lesion results from a 
multiplicity of preceding conditions, the chronic adenitis is truly a 
nonspecific one. 

9. Infection With Filterable Viruses. — I have no experience nor have 
I been able to find any experience in the literature of the relationship 
of any form of chronic mesenteric adenitis to infection with a filter- 
able virus. 

10. Lymphogranuloma Form of Infection. — This may have an acute 
beginning and an acute phase, but in clinical medicine it is best and 
most widely known as a distinctly chronic affection lasting for a con- 
siderable length of time. 

The suggestion that chronic mesenteric lymphadenitis might possibly 
be due to the same cause as lymphogranuloma venereum seems indi- 
cated by the following factors: that frequently there is a history or 
evidence of a primary lesion (Thompson 130 ), that frequently lympho- 
granuloma venereum is an extragenital occurrence (David and 
Loring 30 ), that this disease may cause a generalized lymphadenopathy 
(von Haam and D ’Annoy 134 ), and, finally, that eases of lymphogranu- 
loma venereum have been reported in which involvement of the retro- 
peritoneal lymph nodes was found at autopsy (Hondo, 74 Keichle and 
Connor, 111 and Komblith 75 ). In twelve cases of mesenteric adenitis 
which were explored under the diagnosis of appendicitis in Ireland’s 65 
series the Frei test yielded a negative reaction. In these, therapy with 
lymphogranuloma venereum antigen, as employed by Bloom, 13 or with 
solganal (the disodium salt of 4-sulfomethylamino-2-auromereapto- 
benzene-l-sulfonie acid), as employed by Gohrbandt, 45 was not used to 
make a diagnosis. 

11. Relationship to Syphilis .® — In all the experience which I have 
bad in many hospitals and in private practice in which all patients have 
been subjected routinely to AYassermann and Kahn tests, I do not re- 
member ever having seen a single case in which syphilitic infection 
could be assigned as a cause of the mesenteric enlargement. This seems 
to be in agreement with all other reported experience. 

12. Actinomycosis. — In the abdominal form of actinomycotic infec- 
tion localizing in the general neighborhood of the ileocecal junction, 
chronic enlargement of the associated lymph nodes occurs. 

BACTERIAL INFECTION 

The experience in the acute cases is sufficiently strong to show that 
bacterial infection is the most common cause of mesenteric adenitis. 
The same undoubtedly must be true of chronic mesenteric adenitis. The 
intestinal tract has seemed to be the most obvious source of infection 
and the most probable route through which bacteria have been trans- 

"The relationship of tuberculous infection is discussed subsequently in this com- 
munication. 
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milted to the mesenteric lymph nodes. Because this aspect is not ade- 
quately appreciated by the profession in general and possibly partic- 
ularly by pediatricians, it needs repeated emphasis. 

The increase in the number of gastrointestinal infections is coinci- 
dent with the average time of weaning. This is probably due to a 
change in diet through which contaminated foods may invade the intes- 
tinal tract, and it is interesting to note that this period immediately 
precedes the time of life in which mesenteric adenitis appears. 

There are reasons for believing that the intestinal mucosa is more 
permeable in childhood than in adult life. At any stage of life bacteria 
are constantly passing through the wall of the bowel. The lymphatics 
of the mesentery constantly contain these absorbed bacteria and the 
nodes near the spine (mesenteric, ileocolic, etc., groups) are the first 
to block the further passage of the organisms and constitute one of the 
most important lines of defense. This bacterial invasion appears to be 
most active in the lower end of the ileum and in the cecum, because in 
this region the intestinal contents still contain fairly large numbers of 
bacteria and the process of absorption readies its maximum activity. 
That the presence of such numbers of organisms in the intestinal and 
mesenteric lymphatic apparatus is not always an innocuous phenomenon 
is not to be doubted, and it seems highly probable that many of the 
strange disorders of digestion that are associated with slight fever, 
nausea, bloating, abdominal soreness, signs of reverse peristalsis, diar- 
rhea, inanition, and arthritis could best be explained on the basis of 
nature’s reaction to the presence of bacteria and their elaborated toxins 
and that this indicates a subacute or low-grade type of lymphangitic 
infection. 

Tlie usual organisms which can be demonstrated in the interior of 
the biopsied lymph nodes belong to some strain of streptococci in the 
nonspecific eases. According to Alvarez , 2 it seems that because of the 
increasing frequency with which infection with Brucella abortus and 
Bacillus UtlareHse takes place, it may be found that these organisms also 
account for some of the eases of mesenteric adenitis. Diagnostic tests 
are now available to facilitate this differentiation. 

TOXEMIA 

The idea that a toxin, either of bacterial or possibly of other origin, 

• tl cause of enlargement of the glands in the mesentery has received 
^ h comment and was discussed in my first communication on acute 

mesenteric a f e . ni m^ ew j a „The earliest reference which I have been 

■tfonoacw w • ^ tQ an y possible non bacterial origin of any toxin 

able to find m ^esis of Brian .' 3 The latter associates a non- 

absorption » ie flenopathy with intestinal stasis on the basis of an 
specific mesenteric a ana tomieaI, bacteriological, or other labora- 

entire absence ot nQ exper i e nee in which this etiology could pos- 
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sibly be assumed. Even granting the correctness of the assumption here, 
the possibility of associated bacterial action being the true originating 
mechanism for the toxin production and absorption and for any sec- 
ondary lvmphadenopathy is highly probable. Should the acute phase 
of the infection not be terminated spontaneously or with adequate 
therapy, a chronic phase undoubtedly would follow in which stasis and 
bacterial activity aid and abet one another. If this mechanism should 
prove to have the importance which some people associate with it, it 
must undoubtedly be true that it will be most commonly found in asso- 
ciation with a chronic form of mesenteric adenitis. 

Intestinal stasis associated with distention and surface inflammation 
and abrasions has been mentioned as producing portals of entry to the 
mesenteric lymph nodes (Bell 3 ), and it has been suggested that the re- 
sistance of the mucosa to the passage of organisms is lessened by the 
absorption of chemical intestinal toxins (Thiemann, 129 Carson, 23 and 
Wilensky 141 ). 

Adami, 1 Alvarez, 2 and Heyd 33 have stressed the importance of a form 
of acute intoxication associated with visceroptosis, ehronie constipation, 
intestinal stasis, and ileocecal valve incompetence. Visceroptosis and/or 
constipation were noted by Foster 42 in 27 per cent of his eases. In one 
ease chronic mesenteric adenitis was actually observed. Of these various 
factors incompetence of the ileocecal valve has received a good deal 
of controversial attention. 

Kellog (1913) 10 considers that the latter condition is a “serious 
cause of disease.” Castex, Bomano, and Beretervide (1925), 23 Valerio 
(1926), 133 and Harrenstein (1926) 34 all are of a similar opinion. Other 
authors on the other hand, e.g., Rosanoff (1923) 113 and Odermatt 98 
(1926) are of the contrary opinion. 

Modern knowledge tends to emphasize the dominating role of a sub- 
acute or chronic infection of the bowel as the most causally important 
part of any such anatomical or physiological abnormality. Whatever 
opinion one may have as to functional disturbances of the ileocecal 
valve and their importance for the origin of abdominal symptoms, it 
cannot be denied that regurgitation of cecal contents must promote 
ileitis hi the lower part of the small intestine by virtue of the addi- 
tional infection which it must surely introduce. 

Bezeeny, 3 in 1933, reported the finding of histamine-like substances 
>n lymph vessels which can cause a type of inflammation comparable to 
lymphangitis. According to Foster, 42 in persons who have sedentary 
living habits, who suffer from constipation and visceroptosis, and who 
overeat, such an accumulation of poisons resembling histamine might 
occur and could cause chronic changes in the mesenteric lymph nodes, 
with their resulting flare-ups into an acute disease syndrome at the 
time of definite points of saturation or when fortified by added tran- 
sient bacterial insult. 
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Bacterial Toxemia. Bell 8 expressed his own belief and that of many 
others that bacterial toxins in general were the cause. The toxin theory 
receives especial emphasis in those eases in which it is not possible to 
cultivate organisms from the lymph gland tissue, and, because in many 
of the latter instances bacteria can be cultivated in more or less abun- 
dance from a demonstrable lesion in the associated and related part of 
the alimentary canal, it seems impossible to some to avoid the conclu- 
sion that baeteria-produced toxins are the cause of the lymph node en- 
largement. The assumed mechanism is that of an acute lymphangitis in 
general. In the intestine and mesenteric gland cases visualization of any 
such lesion is, however, not possible, except at post-mortem examination. 

It seems impossible to me, however, to avoid the assumption that 
ordinarily there can be no pure bacterial toxemic cause for the lymph 
node enlargement. It seems better to postulate that both bacteria and 
their developed toxins operate together to produce whatever demon- 
strable pathology there is. 

Mixed Infections . — It is practically impossible to have any specific 
bacterial infection occur in the intestinal wall without having other 
bacterial groups (colon group, streptococcus group, etc.) or other abet- 
ting causal agents added sooner or later. While enlargement of the 
mesenteric nodes may come about as a result of the infection by an orig- 
inal group or strain of bacteria or possibly by some other causal agent, 
there is good reason to believe that, sooner or later, added infection by 
other bacterial groups contributes to the original provocation and either 
initiates, or more probably, aggravates the lymph node lesion. 

PORTAL. OF ENTRY OF THE CAUSAL AGENT IN THE ALIMENTARY CANAL 
A consideration of the matter in the immediately preceding classi- 
fication cannot help but indicate the dominating importance of the ali- 
mentary canal as a portal of entry for the causal agent which provokes 
acute and chronic mesenteric lymphadenitis. Ordinarily this is facili- 
tated by the occurrence of various forms of chemical, physical, or 
vascular trauma. 

The view, that organisms may pass through an intact mucosa (Wai- 
sham 13 ® Merely, 33 Phillip, 103 Wilensky,” 1 and others) has not been gen- 
erally accepted, but there has been experimental proof (MaeFadyen 
d MacConkey 84 and Bartel 7 ) which showed the presence of tubercle 
f 1 'll' ^n 25 per cent of a series of non tuberculous cases brought to 
f 1 1 r in" which the lymph nodes appeared normal on gross and his- 
autopsj an( j i n which there were no other demonstrable 

tologic e.v s - n tJie body. In addition, any bacteriologist can 

tuber cu ° ompara tive ease with which other bacteria, especially of 
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One of the more important considerations in the area of origin of the 
path by which infection is introduced into the abdominal lymph nodes 
and becomes retained there as a subacute long continued process. In 
my previous communication 141 regarding acute mesenteric lymphad- 
enitis, I discussed this phase of the problem very extensively. The 
oronasopharyngeal cavity and the terminal part of the ileum are the 
points of election as portals of entry for the causal agent because of 
the superabundant content of lymphadenoid tissue and because the 
mechanism is intimately concerned with the presence of the latter in 
both of these areas. 

Portal of Entry of the Causal Agent in the Throat . — The general 
term throat infection is used to include “that whole group of nonspe- 
cific, sporadic, endemic, epidemic, pandemic, febrile infections that 
have their primary locus in the nose and throat and are variously 
called tonsillitis, pharyngitis, nasopharyngitis, sore throat, cold, strepto- 
coccus throats, rhinitis, laryngitis, bronchitis, upper respiratory tract 
infection, angina, glandular fever, grip or influenza.” 17 

Pediatricians are well acquainted with the fact that during such 
infections abdominal symptoms of pain, nausea, and vomiting with 
fever, and other signs of bacterial infection are common (Kleiber, 71 
Brennermann, 17 and others). Conversely speaking, observers have 
noted that frequently abdominal symptoms, for which a mesenteric 
adenitis has been demonstrably shown to be an accompaniment or sequel, 
are preceded or even accompanied by some such throat infection. Only 
in the sense that such infections are prone to more or less frequent 
repetitions and may therefore lead to advanced incompletely retro- 
gressed pathologic anatomical changes hi the lymph nodes may one 
consider them as chronic conditions. 

Portal of Entry in the Ileum . — The general anatomical arrangement 
m the lower ileum is very similar to that in the oronasopliarynx. The 
alimentary canal in either place harbors an extraordinary collection 
ot lymphadenoid tissue (tonsils and adenoids, Peycr’s patches) from 
cither of which the lymphatic channels communicate directly with ana- 
tomically differentiated groups of lymph glands (cervical glands, 
mesenteric glands). In either ease the functional purpose is also sim- 
ilar and pathologic changes repeat themselves. In the former the asso- 
ciation of infection in the lymphadenoid tissue of the oropharynx with 
secondary cervical adenitis finds similar duplication in the association 
of lesions of Peyer's patches and other similar intestinal lymphadenoid 
collections with secondary mesenteric adenitis (e.g., typhoid fever, 
dysentery, forms of colitis, etc.). The analogy between the oronnso- 
pharynx and the lower ileum is most extraordinary. 

Combined or Associated Ported of Entry . — The upper end of the ali- 
mentary canal ( oronasopliarynx 1 acts also as a portal of entry for the 
causal agent in that the latter is swallowed and, passing along the diges- 
tive tube, reaches the lower ileum from which and in which it is absorbed. 



804 


SURGERY 


Various mechanisms of introduction, absorption, and spread of the 
infection (i.e., causal agent) have been suggested by various observers. 
A hematogenous method is emphasized by some. Here the presumption 
is that the organisms penetrate the wall of the alimentary canal and 
are distributed throughout the body by the blood and form metastatic 
foci in the intra-abdominal nodes. Upon purely clinical grounds, other 
observers suggest a simultaneous infection of the entire lymphatic sys- 
tem through purely lymphatic channels in which the abdominal glands 
take part. Both of these methods do not adequately stress the initial 
spread by contiguity and the importance of ordinary forms of lymphan- 
gitis in what, in my opinion, is the most common mechanism of intro- 
duction and spread of the causal agent. 

Intra-abdominal Lymphangitis . — Our entire conception and assump- 
tions regarding the clinical importance of intra-abdominal lymphangitis 
and lymphadenitis must be revised. Up to the present these have been 
accepted too lightly and in an indefinite way and have not been ade- 
quately correlated with the observable subjective and objective sympto- 
matology. 

Pribram’s 108 observations as to lymphangitis in the mesenterium will 
deserve attention. Pribram (1926) 108 emphasized the occurrence of 
lymphangitic alterations strongly, and described the appearance of 
chronic lymphangitis in the mesenterium emanating from insignificant, 
possibly not even noticeable, inflammatory alterations in the intestinal 
wall. According to Pribram the altered lymphatic vessels in the 
mesenterium may be observed as strings, even of the thickness of the 
radial artery. Pribram 308 considers that the glandular alterations he 
has observed, now as acute enlargements and now as cicatricial processes 


with pei'iadenitis, play a less predominant symptomatic role than lym- 
phangitis. Pribram’s 108 interpretation has followed the commonly ac- 
cepted assumption that the appendix was at the bottom of the trouble, 
but he notes that even after appendiceetomy the process showed a tend- 


ency to successive spreading and occasional recrudescence, leading to 
shrinking of the mesenterium and diffuse adhesions in different parts 
of the abdominal cavity owing to spreading of the infection in the sub- 
serous peritoneal lymphatic plexus. The lymphatic vessels of the portal 
fissure become infected in the same way, resulting in pericholecystitis, 
■’duodenitis, and possibly in a consequent spread of the infection to 
P e Pribram 108 attaches great importance to the mesenteric 

the Ascribes. They are, he thinks, often the cause of discom- 
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In spite of tie ‘ ^ opinion regarding the clinical role and impor- 
rather far fetehe , lymphangitis, and regarding the diagnostic 

tance of intra-abdominai y n 




806 


SURGERY 


except in rare instances, the anatomical arrangement was such that it 
would be impossible for the infection to be transmitted from the appen- 
dix to the mesenteric nodes. The exceptions include the rather uncom- 
mon anatomical situation in which an abnormal collateral lymphatic 
anastomosis is present usually through or to the ileocolic chain. In 
this regal’d there could be no differentiation between an acute ease and 
a chronic case of lymphadenitis so that we must conclude likewise in 
the chronic cases that the appendix would not, except uncommonly, 
directly involve the mesenteric nodes. 

A somewhat different situation, however, could very well occur in 
which a bona fide infection of the appendix could spread by continuity 
in its immediate environment and for variable distances therefrom 
through the peritoneal and subperitoneal lymphatics. Evidences of this 
are constantly available in abdominal explorations (1) in the acute 
cases as localized or more or less diffuse peritonitides and (2) in the 
chronic or long-standing eases in the presence of right-sided abdom- 
inal adhesions which show every evidence grossly of being centered 
in the appendix. Any operating surgeon can substantiate these find- 
ings. Similar changes occur very often about the gall bladder and 
sometimes it is difficult to differentiate, when the area of adhesion is 
large enough to involve both, whether the original point of infection 
was in the appendix or in the gall bladder. 


PATHOLOGY OF MESENTERIC LYMPHADENITIS 

In interpreting chronic enlargements of the intra-abdominal nodes 
it is important to be able to judge how much of any enlargement is due 
to the normal wear and tear of life. Ordinarily, however, I believe 
this does not play an important role, in spite of Still's 120 post-mortem 
experience that 59 per eent of routine autopsies made in all sorts of 
conditions in children showed various lymphatic gland enlargements. 
My own operating room experience is not at all in accord with Still’s 
post-mortem experience, except in the presence of definitely specific 
forms of disease. 

In the acute cases intra-abdominal lymphadenopathv occurs (1) as 
t oi a generalized adenopathy, (2) as an initial involvement of one 
ImiuP of "lands with spread to other groups, and (3) as limited to one 
8 atomically differentiated group of glands. Even though chronic 
Unn nhadenopathies may begin in any of these ways, the rule is to find 
] * one "roup of glands involved, although exceptions occasionally 

°eenr. i ; ; n s ; n iple mesenteric adenitis usually shows noth- 
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Hadfield’s 52 case, in which chronically inflamed glands were pres- 
ent ill association with a granulomatous intestinal lesion, presented a 
clear-cut specific formation of giant-cell systems identical with that 
found in the thickened submucosa. Some of the sections showed as 
many as twenty to thirty foci of noneaseating giant-cell systems, while 
other glands did not show any, and, as the lesions grew older, these 
giant-cell systems were more and more difficult to find and were re- 
placed by a picture of a simple nonspecific lymphadenitis. 

Pratt’s 108 observations in the case of the same patient with mono- 
nucleosis both during an acute stage and in a later chronic stage showed 
the usual forms of hyperplasia, early degenerative changes in the vessel 
walls with hemorrhage, and marked reticuloendothelial proliferation 
with some necrosis. Longcope 82 noted the occasional presence of large 
epithelioid cells. 

In acute cases similar observations were made in a case of iodism 
(Barker and Wood 8 ) and in scarlet fever (Schlegel 120 ). 

Such giant-cell systems or epithelioid cells approach and are fre- 
quently indistinguishable from those of tuberculosis, but the tendency 
to retrogress without excessive scarring, and the absence of caseation and 
acid-fast bacilli in them, contradicted this. They are usually found 
associated with severe infection of the alimentary canal accompanied 
by necrosis. Whether this peculiar anatomical picture in the lymph nodes 
has something to do with the intensity of the process in the corre- 
sponding part of the alimentary canal is something which, for the pres- 
ent, must be assumed. Inasmuch as in the very much milder form of 
nonspecific adenitis only a hyperplastic condition is present in the 
lymph nodes, indicating a correspondence of intensity of process be- 
tween the lymph node picture and the picture in the intestinal tract, it 
must be assumed that the differences in the anatomical picture are caused 
by the different gradations of toxicity of the etiological cause or of the 
size and intensity of the dose of the causal agent which is delivered. 

We must also assume that the so-called tubercle arrangement can be 
found not only in specific forms of infection like tuberculosis and 
syphilis, but also in forms of nonspecific infection in which up to the 
present time no definite cause can be assigned. It might very well be 
that this sort of picture represents the anatomical progression between 
simple forms of lymphadenopathy on one hand and those of definitely 
specific anatomical pictures, which are customarily correlated less often 
with syphilis and especially with tuberculosis. Undoubtedly this also 
explains the confusion which occurred, not only in the earliest historical 
period of this subject, but even as well in later times in classifying 
all forms of enlargement of the mesenteric glands as tuberculous. 

Mixed infection in tuberculous adenitis plays a very important role. 
It is commonly noted in the neck. Less frequently it is observed clini- 
cally in the abdomen. 
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Head" reported a ease of tuberculous mesenteric lymphadenitis in 
w hich secondaiy infection and rupture occurred. He found two similar 
eases reported in the literature. 

Undoubtedly there must be many other similar cases in the available 
experience. In such mixed infections the anatomical picture sometimes 
is vague enough to make it difficult to say definitely whether the 
infection is originally tuberculous, even though from clinical experience 
we may feel fairly sure that it is. Mixed infection of tuberculous 
glands is commonly severe enough to cause sufficient destruction to wipe 
out a good deal of the glandular structure so that the original 
tuberculous formation cannot be visualized. Again I should like to 
point out the similarity between the comparable cases occurring in 
the cervical region and in the mesenteric area. 

COMPLICATIONS 

The glands become involved even to the point of abscess formation 
or they continue to be enlarged for a time after the intestinal lesion 
is healed. This is exactly analogous to what happens in the secondary 
adenitis of the cervical and retropharyngeal lymph glands following 
a throat or postnasal infection. Such glands could explain the recurrent 
pain in the abdomen. 

The following complications have been reported; 

1. Massive invasion of the entire mesenteric lymphatic gland system. 

2. Suppurative periadenitis followed by an infiltration of the 
mesentery or mesoappendix. In these cases the mesentery becomes 
markedly thickened. 

Moore 93 reports the following case: 

A 42-year-old woman was side for two weeks with " appendicitis,” with ehiiis, 
liMi fever and sweats, abdominal distention and moderate tenderness. No mass 
was palpable. At operation the appendix ami the pelvie organs appeared normal. 

To the left of the spine a fluctuating- mass was present between the folds of 
the mesentery, which was taken to be of glandular origin. Drainage was established. 
Death occurred a few days after operation. The origin of the infection was not 

determined. 

3 Formation of a tnmorlike mass situated usually in the ileocolic 
recess or at the root of the mesentery. 

The following notes are from my own experience: 

9° years of age, was explored for an acute abdominal episode 

A young wa3 taken to bo aeute appendicitis. The appendix was 

which before p * ^ „j a „ds j n the ileocecal angle were all enlarged. An 

apparently norma, ^ aud^ recovery followed. About one year later the man 
uneventful conva esc te j n testinnl obstruction and an indefinite mass could 

developed sign 3 0 a “ foS3a directly behind the sear of the previous operation, 
be felt » t5ie rig!lt 1 iai ' tJlo of the obstruction was found to be u large 

During the exploit the e. - 
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inflammatory mas 3 in the angle of junction of the ascending colon and the small 
intestine containing a small focus of suppuration. The coils of the intestine were 
all matted together. It was not possible to do anything except to drain the 
abscess and to establish an enterostomy on the proximal side of the mass. The 
patient died, however, about twenty-four hours later from a diffuse peritonitis. 

4. The acute process sometimes results in the perforation and rupture 
of a suppurating gland (Floderas, 10 Eden, 36 Iselin, 66 Head, 63 Bagg, 3 
Bell, 8 and Grimm 30 ) ; an intra-abdominal abscess then results (Eden, 36 
Iselm, 66 Head, 55 and Bagg 5 ). 

Head's 3 ® patient was a 20-year-old made who sustained an acute abdominal 
episode with no evidence of any illness during the preceding ten years. There was no 
demonstrable evidence of tuberculous infection anywhere in the body. At operation 
a group of enlarged caseocalcareous glands was found at the root of the mesentery 
with rupture of the largest gland which was as big as a hen’s egg. Recovery 
followed. The pathologic picture was reported as caseocalcareous tuberculous 
adenitis but this was not supported by finding tubercle bacilli. 

Between five and seven months later there were three attacks of acute ileus 
with spontaneous recovery. 

5. Erosive bleeding from large intra-abdominal vessels (Whitworth, 140 
Ruescher, 111 Rawitzkaja, 110 and Piscbmann 30 ). 

Eischmaim’sM case was a male 25 years of age who gave a thirty-six-hour history 
of acute intense abdominal pain with vomiting. Examination showed a tender 
rigid belly with nothing palpable abdominally or by rectum. An operation was 
done following the diagnosis of acute appendicitis. The exploration showed a large 
intra-abdominal hemorrhage coming from a large mass involving the wall of 
the ileum with infiltration of the mesentery and with perforation and bleeding 
from a branch of the iliac artery. The specimen was reported as “nonspecific” 
inflammation. 

Material obtained at the post-mortem examination showed an anatomical picture 
which was not characteristic of tuberculosis and the rest of the body showed no 
tuberculous foci. Nevertheless, for some unexplained reason, the lesion was assumed 
to be tuberculous; but in view of the report on the operative specimen and of 
the other findings, I do not believe this should be accepted. 

Whitworth’s 141 ) patient was an imbecile, a 7-year-old male of the tuberculous 
type. There was a purulent discharge from one car. There was a long liistory 
of colicky abdominal pain. After admission to the hospital, because of the poor 
general condition, a supportive form of treatment was instituted for three days. 
Then there was a sudden undiagnosed acute abdominal episode followed very quickly 
by collapse and death. 

Tlie post-mortem examination showed a large quantity of clear fluid in the 
abdomen. There was some old blood clot and a large amount of new blood clot. 
There was an area of localized peritonitis around the group of enlarged mesenteric 
glands, some of which were hard and caseous and some of wliich were breaking 
down. The ulceration had spread into the mesentery and eroded a large branch 
of the superior mesenteric artery. There was no demonstrable bowel lesion and no 
mention was made of a tuberculous focus elsewhere in the body. Except for 
the anatomical picture there was no other proof for the assumption of the tuberculous 
nature of the lesion. 
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6. Vascular thrombosis. 


Murray so, ease was a female Uy, years of age who had complained of lower 
abt omma pam with vomiting for a few years. Then an acute markedly painful 
abdom.nal cp.sode occurred and the physical examination showed a median sub- 
umbilical mass apparently arising from the pelvis. The rectal and vaginal 
examinations were negative except that the lower end of the mass was palpable. 
A diagnosis of hematometra was made. After a short remission of the symptoms 
there was a recurrence of the pain and collapse. 


Abdominal exploration showed a mass the size of a hen's egg which was taken 
to be a caseatmg tuberculous gland. This was attached to a bluish discolored bowel 
and mesentery about two feet from the ileocolic junction. The small intestine 
was definitely infareted. Death followed. The post-mortem examination showed a 
well-marked tlirombosis of a group of branches of the inferior mesenteric artery 
and vein. Except for the anatomical picture, no definite proof was furnished of 
the tuberculous nature of the condition which it was assumed to be. 


7. Compression of the pylorus or duodenum (Floderus, 40 Keppler and 
Erkes, 71 Matyas, 87 Orth, 100 and Wantoeh 139 ). 

8. Intestinal obstruction (Floderus/ 0 Jones/ 8 B riming/ 0 Homuth/ 1 
Wakely/ 35 Head/ 5 Gutzeit/ 1 Kosehucharoff/ 5 Hubrich/ 2 and Mischel 91 ). 
The intestinal obstruction occurs either by pressure of a sizable mass, 
by angulation due to adhesions, or by some form of local peritonitis. 


Wakely V 30 patient was a male 5 i years of age who complained of tile presence 
of an abdominal mass, dysphagia, and loss of weight. Tiie abdominal exploration 
showed a calcareous mass three inches in diameter behind the branches of the superior 
mesenteric artery. It was taken to be a completely calcareous gland. No mention 
was made of tuberculous or any other etiology. 


9. Obstruction of the biliary duets (Flo derus 40 and Jean 07 ), and 
obstruction of the portal vein with associated ascites (Floderus 40 ). 

Jean 'so? case was a female 31 years of age who for ten years had had right 
hypochondriac pain and who sinee she had been ly> months of age had had acute 
attacks of colic with jaundice. The x-ray examination showed small calculi in a 
nonadherent gall bladder. The abdominal exploration showed a large gland in 
the hepatoduodenal ligament compressing the common bile duct. The papilla and 
pancreas were negative. The gland was enucleated and a cholecystectomy done and 
a cure followed. The histology of the gland showed an inflammatory iesion. 

10. Calcification of nodes overlying the ureters may result in com- 
pression of the ureter with symptoms of disease of the urinary tract 
such as hematuria, frequent and painful micturition, abdominal pam 
simulating ureteral colic (Schmieden/ 27 Walker/ 37 Davidovitch/ 1 and 
Golden and Reeves 47 ), and hydronephrosis (Hepburn 57 and Valentin 132 ). 


RELATIONSHIP OF CHRONIC INFLAMMATORY ENLARGEMENT 
TUBERCULOSIS OF THE INTRA-ABDOMINAL NODES 


TO 


In many of these patients there is a history of heavy exposure to 
tuberculosis in childhood but at the time of examination evidences 



RECEXT ADVANCES IX SURGERY 


811 


of tuberculosis are not obtainable either by physical examination or 
by laboratory tests. In girls there is sometimes move than the usual 
rise in temperature at the time of menstruation. 

Physical examination generally shows a thin, nervous young woman 
with a temperature around 100° F. or less, and a tender abdomen. 
Sometimes an appendieeetomy lias already been done or at other times 
is presented as the question at issue. Roentgenographic evidence of 
disease of the stomach, gall bladder, and colon will not show anything 
abnormal, but occasionally calcified intra-abdominal lymph nodes are 
visualized. 

The observations upon the occurrence of tuberculous mesenteric 
lymphadenitis were first performed upon autopsy material, then based 
upon clinical cases, and finally, much has been learned by direct 
observations during surgical operations. It appears that in general 
clinical experience tuberculous infection of the mesenteric nodes is 
relatively and actually infrequent as an independent lesion and varies 
from 1 to 3 per cent (Osier and AleCrae 101 ). However, when it is taken 
in conjunction with other tuberculous foci in the body, the frequency 
of mesenteric node infection was noted to reach as high as 79 per cent 
(Rilliet and Barthez, 113 AVoodhead, 143 Colman, 20 Carr, 21 Branson, 10 
Pordyce, 41 Still, 126 Haman, 53 and Conrath 23 ). Taken in association with 
gastrointestinal tuberculosis, the frequency runs somewhat less, about 
68 per cent. 

Bata based upon surgical investigation have been reported from many 
sources, but a good part of the literature, as is to be expected, consists 
of isolated ease reports. Nevertheless, the following series are available 
(Table I). 

T.vble I 




xo. OF 

CASES 

OBSERVED 

DUKaTIOX 

OF STUDY 

IX YEARS 


Alaehtle (190S/« 

14 



Hoderus (1912)u> 

IS 

10 


Riselv (1915)m 

30 



Carson (1919)22 

50 

s 


llettenleiter (1920) 9 <> 

29 

10 


Fjanggrensi 

60 

4 


.. (1927)- 

30 

S 


In 1926 Braithwaite 15 could find an incidence of only 0.74 per cent 
01 °8>73l laparotomies in Avhich evidence of tuberculous infection of the 
mesenteric lymph glands was present. Geographic considerations 
apparently- play some role in the determination of the reported figures. 

-Although tuberculosis of the appendix occurs in about 2 to 5 per cent 
01 Pathologic appendices (Lennander and Kystrom 73 ), no case clearly 
associated with enlar gement of the mesenteric nodes has been recorded 
{-'lead 53 ). The similarity of the symptoms present in cases clinically 
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6. Vascular thrombosis. 

Murray Vs case was a female 14% years of age who had complained of lower 
abdominal pain with vomiting for a few years. Then an acute markedly painful 
abdominal episode occurred and the physical examination showed a median sub- 
umbilical mass apparently arising from the pelvis. The rectal and vaginal 
examinations were negative except that the lower end of the mass was palpable. 
A diagnosis of hematoinetra was made. After a short remission of the symptoms 
there was a recurrence of the pain and collapse. 

Abdominal exploration showed a mass the size of a hen’s egg which was taken 
to be a caseating tuberculous gland. This was attached to a bluish discolored bowel 
and mesentery about two feet from the ileocolic junction. The small intestine 
was definitely infarcted. Death followed. The post-mortem examination showed a 
well-marked tlirombosis of a group of branches of the inferior mesenteric artery 
and vein. Except for the anatomical picture, no definite proof was furnished of 
the tuberculous nature of the condition which it was assumed to be. 


7. Compression of the pylorus or duodenum (Floderus, 40 Keppler and 
Ei’ltes, 71 Matyas, 87 Orth, 100 and Wantoch 133 ). 

8. Intestinal obstruction (Floderus, 40 Jones, os Briining - ,- 0 Homutli,® 1 
AVakely, 130 Head, 55 Gutzeit, 51 Kosehueharoff, 76 Hubrich, 02 and Mischel 01 ). 
The intestinal obstruction occurs either by pressure of a sizable mass, 
by angulation due to adhesions, or by some form of local peritonitis. 


■Wakely’s 130 patient was a male 54 years of age who complained of the presence 
of an abdominal mass, dysphagia, and loss of weight. The abdominal exploration 
showed a calcareous mass three inches in diameter behind the branches of the superior 
mesenteric artery. It was taken to be a completely calcareous gland. No mention 
was made of tuberculous or any other etiology. 


9. Obstruction of the biliary ducts (Floderus 10 and Jean 07 ), and 
obstruction of the portal vein with associated ascites (Floderus 40 ). 


Jean’s 07 ca se was a f en,a le 31 years of age who for ten years had had right 
hypochondriac pain and who since she had been 1 y, months of age had had acute 
attacks of colic with jaundice. The x-ray examination showed small calculi in a 
nonadherent gall bladder. The abdominal exploration showed a largo gland in 
the hepatoduodenal ligament compressing the common bile duct. The papilla and 
• eas were negative. The gland was enucleated and a cholecystectomy done and 
P! *eure followed. * The histology of the gland showed an inflammatory lesion. 


10 Calcification of nodes overlying the ureters may result in com- 
of the ureter with symptoms of disease of the urinary tract 
piession a £ i<e q Uen( . an( | painful micturition, abdominal pain 

SU , a l 10 , iu .eteral colic (Schmieden, 121 Walker, 137 Davidovitch, 31 and 
Gulden and Reeves 47 ), and hydronephrosis (Hepburn 57 and Valentin 133 ). 

-SHIP OP CHRONIC INFLAMMATORY ENLARGEMENT TO 
KELATI ° N tU berculosis OP THE INTRA-ABDOMINAL NODES 

. , h se patients there is a history of heavy exposure to 
In many o t 1 a t the time of examination evidences 

tuberculosis m C1 
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Dunham 33 found calcified mesenteric nodes in 11 per cent of 1,152 
children examined routinely. Dunham and Smythe (New Haven) 33 
found that 17 per cent of 120 children with positive tuberculin tests 
had x-ray evidence of calcified mesenteric glands. 

Schechter 113 found an incidence of 1.9 per cent in routine orthopedic 
studies and 2.8 per cent in routine urological studies. 

The following autopsy experience was reviewed by Golden and 
Reeves : 47 

Opie (St. Louis) 39 was unable to find a single case in routine autopsies 
made upon 93 children and 50 adults. Hof (Kiel) 59 found tuberculous 
mesenteric glands post mortem in 1.4 per cent of 7,203 children and 
0.8 per cent of 7,683 adults without evidence of tuberculosis elsewhere 
in the body. Bietzke 11 (Berlin Pathological Institute) similarly found 
a frequency of 0.9 per cent in 1,100 autopsies. 

Schechter ’s 1 19 conclusions seem well founded, that the relation of the 
symptoms to these demonstrable calcified lymph nodes is not v T ell 
established. 

Many an anatomical diagnosis of tuberculous mesenteric adenitis has 
been and continues to be made upon the roentgenographic demonstration 
of calcifications in the general region of the low r er right abdominal 
quadrant. According to Kleiber 72 and Strombeek (Berlin Clinic), 127 
however, Pribram 108 was of the opinion that glandular calcifications 
might set in as a final stage of any pathological process without there 
having preceded any infection with tubercle bacilli. Noeske 97 had also 
subscribed to the same opinion. In the former case, none of the observers 
had any method of reliable proof except for the demonstration of the 
presence of tubercle bacilli which was frequently not available. In the 
latter group the contrariwise opinion was held because tubercle bacilli 
were not demonstrated and because of other clinical and collateral 
knowledge. 

That inflamed and enlarged mesenteric and retroperitoneal glands, 
nontubereulous in origin, do occur is well known. In his recent paper 
on abdominal pain in children, Hutchison 64 emphasizes the importance of 
enlarged glands in the causation of abdominal pain in children. 

I, personally, am convinced from all of my experience that, although 
tuberculous infection is well known and has been adequately proved 
to exist in the mesenteric and other abdominal lymph nodes, there are 
also other cases of chronic inflammatory enlargement of these nodes 
with and without necrosis and with or without calcification which are 
not caused by infection with the tubercle bacillus. 

A good many of these roentgenographically demonstrated calcifications 
are not expected findings and Schechter ’s 113 conclusions should be kept in 
mind because of their fundamental truth : 

“A large percentage of the cases, 80 per cent in this series, revealed 
either absence of abdominal pain and tenderness or localization of these 
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lecognized as tuberculous adenitis to that of appendicitis has been 
commented upon by many other observers including Franke (1914), 43 
Clute (1920), Struthers (1921), 1:6 Krogsgaard (1922), 77 Freeman 
(1923), 44 Braithwaite (1926), 15 Klein (1926), 73 Ljunggren (1926), 81 
Mettenleiter (1926), 90 Wilensky and Hahn (1926), 341 Bell (1927), 8 Bagg 
(1927), 5 MeFadden (1927), 88 Rendle Short (1928), 113 Strombeek 
(1932), 127 and others. 

In going through the literature one notes almost immediately, 
especially in earlier communications, that there has been a considerable 
amount of loose thinking and that a great many of the assumptions of 
the presence of tuberculous infection are not supported by sufficiently 
adequate laboratory confirmation. In the very excellent report made by 
Strombeek 127 he makes the statement that it is ‘ 1 partly by elimination” 
that the diagnosis of tuberculosis is accepted. In addition it is highly 
significant that of the 37 eases reported by Foster in which a clinical 
diagnosis of tuberculous mesenteric adenitis was made microscopic proof 
was available for only 4, or 10 per cent. 

One of Strombeek V 27 eases showed one of the bizarre conditions which 
are sometimes encountered and the difficulties of interpretation. The 
following case, the notes of which are herewith given, is listed by 
Strombeek 127 among his eases of tuberculous mesenteric lymphadenitis. 


Since the age of 10 years, a patient IS years of age complained of abdominal 
pain after meals lasting for from ten to fifteen minutes. The patient was always 
well nourished. During the preceding six months, however, there had been poor 
appetite and the patient looked tired and pale. 

During the preceding fortnight, gradually increasing meteoristic pains in the 
pit of the stomach appeared and, at the time of admission to the hospital, a 
distinctly tender mass the size of a walnut was palpable to the right of the 
umbilicus. The spleen was not palpable. The laboratory examination showed 
a positive agglutination for paratyphoid B., 1-12S 0, and B. paratyphosus was 
cultivated from the stools. The x-ray examination demonstrated the presence of a 
calcific intra-abdominal mass which was taken to be a calcareous gland. 

After several months the patient became symptom-free and the stool culture 
finally became negative. 

It is quite apparent that the question of tuberculous infection as an etiological 
factor for the symptoms is considerably in doubt. 


Since the development of roentgenography, much emphasis lias been 
the visual demonstration of calcified areas which, when present 
pU . ' } owe r or mesial parts of the abdominal eavity, have been 
111 , • imed to be calcified lymph nodes. A review of the experi- 

routm^y 0 k serv ers along these lines made by Sehechter 119 showed 

the following i . lm) 127 found calcified mesenteric nodes in 7 to 8 
Strombeek oc ^ made upon 600 patients examined for various 
per cent of the x-ray P ^ 
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abdominal symptomatologies which have previously not been correctly 
integrated. Further spread of the lvniphangitic process leads to the 
associated anatomically related lymph glands in the mesentery in which 
the first and usually successful attempt is made to block the spread 
of the pathologic process. 

The anatomical characteristics of chronic nonspecific mesenteric 
adenitis is frequently superficially similar to that of tuberculous infec- 
tion, but in these more or less doubtful eases, it is rarely possible to 
prove the contention by the demonstration of tubercle bacilli in the 
tissue sections. Because of this many of the assumptions made in the 
early and previous reports must be considered not proved. The presence 
of calcifications in these nodes in view of newer knowledge must not 
be considered as being automatically indicative of a tuberculous infec- 
tion. And it seems certain now that many of these chronic inflammatory 
glandular enlargements do not result from an infection with tubercle 
bacilli. 

There is a marked and striking resemblance between intra-abdominal 
glandular enlargements (chronic mesenteric adenitis) and similar 
glandular enlargements in the neck (chronic cervical adenitis) in all its 
phases: causal, etiological, anatomical, clinical, etc. 

In mesenteric adenitis the diverse character of the symptomatology 
and the extensive mimicry of other definitely coiTelated symptom com- 
plexes are easily understandable and are due no doubt to the fact that 
no single cause accounts for the lymph gland enlargement. The protean 
character of the symptomatology simply reflects the original primary 
area in which the infection occurred or a secondary area in which some 
complication has taken place. 


TREATMENT 

Inasmuch as in many cases abdominal lympliadenopathy is part and 
parcel of some larger definite clinical entity, treatment must follow 
along the lines known by experience to be correct and adequate for the 
original disease. In nonspecific mesenteric adenitis and in the absence 
of any suppuration or other complication, none but conservative treat- 
ment would be indicated and, for the obvious reasons, the therapy must 
imitate to a large extent that which is customary for any chronic illness 
and even that for tuberculous infection ; i.e., improvement in nutrition, 
rest, attention to any anemia, heliotherapy, etc. Anorexia and vomiting 
are particularly difficult to handle and indicate overfeeding. Sedatives 
should be employed as indicated. 

Conservative treatment is excellent provided that one could so 
perfectly diagnose the condition that the fear of an undiscovered 
surgical condition and/or emergency could be definitely eliminated. 
Unfortunately this is not possible at the present writing in . clinical 
practice and abdominal explorations are more or less frequently neces- 
sary in order to establish the true nature of the intra-abdominal 
condition. 
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symptoms at sites other than that of the calcified nodes. Of this number, 
28.5 per cent had no abdominal pain or tenderness. 

Abdominal pain and tenderness, which are considered outstanding 
symptoms in the clinical evidence of calcified mesenteric lymph nodes, 
do not appear to bear this symptom relationship when these nodes are 
found in routine roentgen studies of the gastro-intestinal tract. The 
relationship to the general symptoms of nausea and vomiting is also 
indefinite.” 

The conclusions of Golden and Reeves 17 based upon observations in 
seven cases do not agree with those of Schechter. 113 The explanation 
undoubtedly lies in the fact that the eases of the first group were in a 
stage of acute exacerbation, while those of Schechter were in a quiescent 
period; i.e., chronic. * 


SUMMARY AND CONCLUSIONS 


Chronic simple nonspecific intra-abdominal mesenteric adenitis is 
either a continuation of an incompletely resolved acute episode, or 
results from a succession of acute episodes, each of which is probably 
an exacerbation of an underlying persistent infection or a long drawn- 
out continuous process. In any event, its etiology and pathogenetic 
mechanism originally are essentially similar to those of acute mesenteric 
adenitis. 

The portal of entry for the infection is the alimentary tract and 
the solitary and, especially, the aggregated follicles of lymphadenoid 
tissue have much importance as being the most common specific areas 
through which the causal agent enters. The appendix usually does not 
aet as a portal of entry for the infection except in comparatively rare 
instances, and this is only possible in the presence of certain anatomical 


abnormalities. 

The most commonly found causal agent is some strain of tiie 
streptococcus group. Some observer's have attemped to correlate some 
unusual groups of organisms, such as the brucellosis or tulareusis groups, 
but these suggestions or assumptions have not as yet been substantiated. 
It seems that parasitic infection is more apt to be associated with chronic 
lymphadenopathy than with its acute form. A suggestion made by some 
that intestinal stasis is the forerunner of similar lymphadenopathy is 
b'lhly only true in the sense that it facilitates a state of chronic infee- 


of the lymphatics and mesenteric glands. In 


any event mixed in- 


fections are 


necessarily common 


begins at the portal of entry 


mu. pathologic anatomical process 
1 1 , , , „ nn M<niitv in the anatomically related lymph channel* 

and spreads by contyuy 

as a true.ljmrphangrt^ 

been snf 


The importance of the latter has not hi them 
^ ^'T'stiwrf and it is necessary to emphasize the lymplian- 
ffieient J ex p]nnation of many acute and/or chronic infra- 

description of tlio roentsenosrt/phlc Hnii/nt,-* In tin- priWmia 


gitie process as 
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Diseases Affecting the Vulva. By Elizabeth Hunt, B.A., M.D., Ch.B. Cloth, Pp. 

207, with 36 illustrations and IS color plates. The C. V. Mostly Co., St. 

Louis, 1940. $4.50. 

As the vulva is composed of stratified squamous epithelium, the gynecologist or 
practitioner should not lose sight of the fact that it is subject to the same lesions 
that may affect this type of integument elsewhere in the body. Since the author 
of this volume is a dermatologist, it naturally contains much valuable information 
not ordinarily found in standard texts on gynecology. 

The material, which includes all lesions from the most common to the rarest, 
is presented in a clear and concise manner and is considerably enhanced by thirty- 
six illustrations and eighteen plates in color. The latter are marvelous examples 
of photographic art, clearly depicting the vulval lesions and in themselves form- 
ing a valuable addition to any gynecologist’s library. 

This volume of two hundred and seven pages is enthusiastically recommended 
to the gynecologist, dermatologist, and practitioner. 


Histopathology of the Peripheral and Central Nervous System. By George B. 
Hassin, M.D., Ed. 2. Cloth. Pp. 554, with 302 illustrations. New York, 1940, 
Paul B. Hoeber Co. $7.50. 

As the title of this book indicates, the author has limited himself almost ex- 
clusively to a detailed histologic description of the diseases of the nervous system, 
excluding almost entirely the gross changes. This immediately limits the usefulness 
of this work to those specialists who are already somewhat familiar with the micro- 
scopic tissue alterations. An attempt has been made to correlate briefly some of 
the clinical symptoms with the pathologic changes. The author devotes some space 
to discussions of the various theories of the pathogenesis of some of the central 
nervous system lesions. In discussing these theories he frequently dwells upon his 
own rather than upon the more commonly accepted ones. This is best illustrated 
m the discussion of the secretion and formation of spinal fluid. 

The usual plan is adopted of dividing the nervous system into large divisions, 
such as the peripheral nerves, cord, and brain, and of describing the pathologic 
involvements occurring in each system. A fourth section on diseases of the muscles 
13 deluded. Here one finds a discussion of such conditions as myasthenia gravis 
a ttd the muscular dystrophies. The grouping of the various disease conditions is 
tUl *' a Lvays conventional; for example, Schilder’s disease, which is a diffuse type 
°f sclerosing disease, is discussed along with such encephalitic conditions as botulinus, 
Wernicke’s disease, postvaccinial encephalitis, and the like. 

Many of the histopathologic descriptions are excellent. Those concerning tabes, 
Poliomyelitis, amyotrophic lateral sclerosis, and general paresis certainly warrant 
reading by everyone. Certain details included within this book cannot be found 
'n any other single publication on the same subject. The author gives careful 
escriptions of the brain lesions in such rare conditions as yellow fever, bubonic 
plague, Borna disease, Rocky Mountain spotted fever and Niemann-Pick disease. 
e ^lustrations throughout are very good. 
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reviewer to be a serious omission. The monograph essays to deal essentially with 
the mechanics of fracture treatment. This aspect of the problem is dealt with in 
an admirable manner. 


Demonstrations of Physical Signs in Clinical Surgery. By Hamilton Bailey, 

F.K.C.S. (Eng.). Ed. 7. 377 illustrations. Baltimore, 1940, The Williams and 

Wilkins Co. $6.50. 

The seventh edition of Bailey’s book, like the preceding editions, contains a 
great deal of practical and useful information. It is profusely illustrated with 
excellent photographs and diagrams. Some of the illustrations are in color. 

This book cannot be considered a satisfactory treatise on the physical diagnosis 
of surgical conditions for either the student or practitioner. Certain of its defects 
are obvious. It is far from complete. The value as well as the validity of some of 
the signs described must be questioned. Ho consistent attempt has been made to 
give the pathologic or physiologic mechanism producing the various physical signs 
which are considered. 

Due attention has been paid to tradition by including as footnotes the names 
and dates of the men who have demonstrated and emphasized the various diagnostic 
signs. The text is well written and the index adequate. 


The Physiological Basis of Medical Practice. By Charles Herbert Best, M.D., 
and Horman Taylor, If.D. Ed. 2. Pp. 1,872 with 497 illustrations. Baltimore, 
1940, The Williams and Wilkins Co. $10.00. 


Pathology has been bound up so intimately with the activities of the surgeon 
that usually he has neglected physiology to orient himself in the apparently more 
practical concepts of pathology. TVitliin the last few years, however, the importance 
physiology to the practical man of medicine, whether general practitioner, 
sur geon, or other type of specialist, has become so obvious that this disinterest 
the clinician in physiology will not long be palpable. The young surgeon, in 
particular, has learned that one of the best texts for his hours of study is a com- 
prehensive work on physiology. More and more, too, the aspirant for a career 

a aur 8 er y is becoming alert to the importance of physiology as a proper approach 
to surgery. 


The intention of the authors was to bridge the activities of the laboratory and 
>e clinic in such a manner that tho undergraduate student would appreciate tbe 
va ue of physiologic tenets in the treatment of disease. This objective the authors 
e accomplished in a superb manner. Moreover, they have created an extremely 
“ful sourcebook to which the earnest student of medicine may turn daily for 
' >g itenment concerning normal and disturbed physiologic processes. It is, un- 
“ edly, one of the best books for general orientation with which a surgeon may 
provide himself. It can be recommended with enthusiasm to all practitioners of 
, C He who will study it earnestly will become a better and more scientific 

Physician or surgeon. 
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Some of the best chapters in this book are on the peripheral nerves. Here one 
tiuds a most excellent review of their normal structure and their histopathologic altera- 
tions. The most disappointing chapter is that on brain tumors. The author appar- 
ently has ignored the comprehensive work of Bailey in classifying and simplifying 
the various types and has adopted the inadequate division of these neoplasms into 
benign and malignant. He then groups together for description a large number of 
miscellaneous, unrelated tumor types. Meningiomas are included with the benign 
tumors in spite of the fact that the mesenchymal, sarcomatous, and melanotic 
meningiomas are most fulminating, both in their microscopic appearance and clin- 
ical course. The slow-growing astrocytoma is classified as malignant. The dis- 
cussion of the gliomas is brief and unbalanced. For example, only eight lines are 
devoted to the ependymomas, which comprise abont four per cent of the intra- 
cranial neoplasms, while over a page is spent in the discussion of the epidermoids 
which comprise about one-half per cent of the intracranial neoplasms. A very 
useful bibliography follows each of the chapters. The text is concluded by a fairly 
convenient section on staining techniques. 

This book would make an excellent addition to the library of the specialist in 
the field of nerology and neuropathology and would be very convenient to have 
around a neuropathologic laboratory. For others, the style and the detail would 
make it somewhat difficult to follow. 


Illustrations of Surgical Treatment, Instruments, Appliances. By Eric L. 

Farquharson. Pp. 333, with 259 illustrations and 57 plates. Baltimore, 1930, 

Williams and Wilkins Co. $6.50. 

In this book the author has endeavored to illustrate by numerous photographs 
practical methods of surgical treatment. Fractures and orthopedic matter comprise 
a large portion of the book. About one-third of the book is devoted to pictures of 
surgical instruments and appliances. 

While one may not agree with all the methods of treatment ( the technique of con- 
tinuous intravenous infusion is particularly complicated), one must agree that the 
illustrations are excellent and the description of treatment clear and concise. 

The exact need, however, for such a volume is not apparent, as the better text- 
books of surgery describe the methods of treatment just as clearly and the 
catalogues of the larger surgical supply houses illustrate instruments and appliances 
equally as well. It will probably be of greatest value as a surgical reference book for 
surgical house officers and nurses unacquainted with various surgical methods and 

treatments. 


Fractures. By Paul B. Magnuson. Pp. 511, with 327 illustrations. Philadelphia, 
1939, J. B. Lippincott Co. 

Into a small volume the author has compressed a great deal of practical infor- 
concerning the management of fractures. The book abounds with practical 
u t]l . t w iH prove helpful to those concerned with fracture management. 

I—- - ** <■“»««■ "s'"* 
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reviewer to be a serious omission. The monograph essays to deal essentially with 
the mechanics of fracture treatment. This aspect of the problem is dealt with in 
an admirable manner. 


Demonstrations of Physical Signs in Clinical Surgery. By Hamilton Bailey, 

F.R.C.S. (Eng.). Ed. 7. 377 illustrations. Baltimore, 1910, The Williams and 

Wilkins Co. $6.50. 

The seventh edition of Bailey’s book, like the preceding editions, contains a 
great deal of practical and useful information. It is profusely illustrated with 
excellent photographs and diagrams. Some of the illustrations are in color. 

This book cannot be considered a satisfactory treatise on the physical diagnosis 
of surgical conditions for either the student or practitioner. Certain of its defects 
are obvious. It is far from complete. The value as well as the validity of some of 
the signs described must be questioned. Ho consistent attempt has been made to 
give the pathologic or physiologic mechanism producing the various physical signs 
which are considered. 

Due attention has been paid to tradition by including as footnotes the names 
and dates of the men who have demonstrated and emphasized the various diagnostic 
signs. The text is well written and the index adequate. 


The Physiological Basis of Medical Practice. By Charles Herbert Best, M.D., 
and Korinan Taylor, M.D. Ed. 2. Pp. 1,872 with 497 illustrations. Baltimore, 
1940, The Williams and Wilkins Co. $10.00. 


Pathology has been bound up so intimately with the activities of the surgeon 
that usually he has neglected physiology to orient himself in the apparently more 
practical concepts of pathology. Within the last few years, however, the importance 
of physiology to the practical man of medicine, whether general practitioner, 
surgeon, or other type of specialist, has become so obvious that this disinterest 
°f the clinician in physiology will not long be palpable. The young surgeon, in 
Particular, has learned that one of the best texts for his hours of study is a com- 
prehensive work on physiology. More and more, too, the aspirant for a career 
in surgery is becoming alert to the importance of physiology as a proper approach 
to surgery. 


th *' e ! nt ? nticm ^' e authors was to bridge the activities of the laboratory and 
e clinic in such a manner that the undergraduate student would appreciate the 
a ue of physiologic tenets in the treatment of disease. Tliis objective the authors 
• ve accomplished in a superb manner. Moreover, they have created an extremely 
' u sourcebook to which the earnest student of medicine may turn daily for 
g enment concerning normal and disturbed physiologic processes. It is, un- 
u edly, one of the best books for general orientation with which a surgeon may 
Provide himself. It can be recommended with enthusiasm to all practitioners of 
wme. He who will study it earnestly will become a better and more scientific 
Physician or surgeon. 
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Some of the best chapters in this book are on the peripheral nerves. Here one 
Hilda a most excellent review of their normal structure and their histopathologic altera- 
tions. The most disappointing chapter is that on brain tumors. The author appar- 
ently lias ignored the comprehensive work of Bailey in classifying and simplifying 
the various types aud lias adopted the inadequate division of these neoplasms into 
benign and malignant. He then groups together for description a large number of 
miscellaneous, unrelated tumor types. Meningiomas are included with the benign 
tumors in spite of the fact that the mesenchymal, sarcomatous, and melanotic 
meningiomas are most fulminating, both in their microscopic appearance and clin- 
ical course. The slow-growing astrocytoma is classified as malignant. The dis- 
cussion of the gliomas is brief and unbalanced. For example, only eight lines are 
devoted to the ependymomas, which comprise about four per cent of the intra- 
cranial neoplasms, while over a page is spent in the discussion of the epidermoids 
which comprise about one-Iialf per cent of the intracranial neoplasms. A very 
useful bibliography follows each of the chapters. The text is concluded by a fairly 
convenient section on staining techniques. 

This book would make an excellent addition to the library of the specialist in 
the field of nerology and neuropathology and would be very convenient to have 
around a neuropathologic laboratory. For others, the style and the detail would 
make it somewhat difficult to follow. 


Illustrations of Surgical Treatment, Instruments, Appliances. By Eric L. 

Farquharson. Pp. 338, with 259 illustrations and 57 plates, Baltimore, 1939, 

Williams and Wilkins Co. $6.50. 

In this book the author has endeavored to illustrate by numerous photographs 
practical methods of surgical treatment. Fractures and orthopedic matter comprise 
a large portion of the book. About one-third of the book is devoted to pictures of 
surgical instruments and appliances. 

While one may not agree with all the methods of treatment (the technique of con- 
tinuous intravenous infusion is particularly complicated), one must agree that the 
illustrations are excellent and the description of treatment clear and concise. 

The exact need, however, for such a volume is not apparent, as the better text- 
books of surgery describe the methods of treatment just as clearly and i ho 
catalogues of the larger surgical supply houses illustrate instruments and appliances 
equally as well. It will probably be of greatest value as a surgical reference book for 
surgical house officers and nurses unacquainted with various surgical methods and 
treatments. 


Fractures. By Paul B. Magnusom Pp. 511, with 327 illustrations. Philadelphia, 
1939, J. B. Lippincott Co. 

Into a small volume the author has compressed a great deal of practical infor- 
mation concerning the management of fractures. The book abounds with practica 
iv yi prove helpful to those concerned with fracture man ageme ■ 
rSItortJl « numerous^ and of high quality. The author has 
stressed anatomical knowledge of muscle action as a necessity in the mtc :g 

rednetion of fractures ^ 0ne legitimate criticism of the mono- 
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graph would appe continuity o£ bone . Further, failure to discuss pathologic 
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THE STATISTICAL METHOD 

e 

A Vital Tool ix Clinical Medicine 

Horace E. Campbell, M.D., 3 Boston, Mass. 

(From the Laboratory for Surgical Research, Harvard Medical School) 

C LINICIANS seem to have au innate fear of mathematics. Hence, the 
statistical method, which could serve them as a valuable tool, is now 
used for the most part by the research workers and the academic labora- 
tories. Medical journals contain an increasing number of papers based 
upon mortality and morbidity rates on groups of patients who have re- 
ceived different treatments. The conclusions of most of these papers 
based upon rates and percentages are worthless. 

A statistical analysis of percentages would do much to clarify the 
present muddled state of the profession regarding the correct treatment 
of many common maladies. It is common at medical meetings to observe 
doctors pi-esenting figures showing that a certain procedure in the hands 
of one has been attended by a decreased mortality; in the hands of the 
other, by a heightened mortality. Each implies that the other is a preju- 
diced observer (or worse) ; each maintains that the percentages derived 
from his series are conclusive. More often than not, each protagonist 
bases his contention on mere chance variation; had either or both been 
aware of the rudiments of the statistical approach, there would have 
been no controversy. 

The following, although hypothetical, is typical of statements in clini- 
cal literature : “In the series with delayed operation the mortality was 
1-5 per cent, whereas in the series with immediate operation the mortal- 
ly was 4.8 per cent. Thus it is seen that death occurs more than three 
times as frequently after immediate operation.” It is true that 4.8 is 
more than three times 1.5 ; however, from the standpoint of recovery 
there is little difference between 95.2 per cent and 98.5 per cent. Any 
two therapeutic procedures which result in recovery so frequently ean- 
»ot he very different. The differences between 1.5 and 4.8 per cent and 

Research Fellow in Surgery. Harvard Medical School. 

Received lor publication, Feb. 24. 1911. 

, 825 


824 


SURGERY 


Books Received 

The receipt of boohs is acknowledged in this section and this statement must bo 
regarded as sufficient acknowledgment of the courtesy of the senders. Selections 
will be made for more extensive review dictated by the interests of our readers and 
as space permits. 

THE SURGICAL CLINICS OF NORTH AMERICA, Vol. 22, Chicago Number 
(February, 1941). By many authors. Cloth. Pp. 309, with 101 illustrations. Phila- 
dephia, 1941, W. B. Saunders Co. 

OBESITY AND LEANNESS. By Hugo R. Rony, M.D., formerly Associate in 
Medicine and Chief of Endocrine Clinic, Northwestern University School of Medicine, 
Chicago; formerly .Attending Physician, Cook County Hospital, Chicago. Cloth. Pp. 
300, with 32, illustrations. Philadelphia, 1940, Lea and Febiger. 

SPERMATOZOA AND STERILITY (A Clinical Manual). By Abner L 
Weisman, M.D., Adjunct Gynecologist, Jewish Memorial Hospital; Clinical Assistant, 
Visiting Gynecologist and Obstetrician, Metropolitan Hospital, New York City. Cloth. 
Price $5.50. Pp. 314, with 77 illustrations. New York, 1941, Paul B. Hoeber, Inc. 

ANATOMICAL STUDIES ON THE MOTION OP THE HEART AND BLOOD. 
By William. Harvey, M.D. (A Modern English Translation With Annotations. By 
Chauncey D. Leake, Professor of Pharmacology, University of California.) Paper. 
Price $1.50. Pp. 150, with 9 illustrations. Baltimore, 1941, Charles C Thomas, Pub- 
lisher. 


CYCLOPROPANE ANESTHESIA. By Benjamin Howard Robbins, B.A., M.S., 
M.D., Associate Professor of Pharmacology, Vanderbilt University School of Medi- 
eine. Cloth. Price $3.00. Pp. 175, with 40 illustrations. Baltimore, 1940, Williams 
& Wilkins Co. 


EMERGENCY SURGERY. By Hamilton Bailey, P.R.C.S. (Eng.), Surgeon, 
Royal North Hospital ; External Examiner in Surgery, University of Bristol. Cloth. 
Price $15.00. Pp. 944, with 930 illustrations. Baltimore, 1940, Williams & Wilkins 
Co. 


CLINICAL UROLOGY (Vols. I and II). By Oswald Swinney Lowsley, A.B., 
M.D., P.A.C.S., Director of Department of Urology, New York Hospital; and Thomas 
Joseph Kirwin, M.A., M.S., M.D., F.A.C.S., Attending Surgeon, Department of 
Urology, New York Hospital. Cloth. Price $10.00 per set. Vol. I : Pp. SOS, with 220 
illustrations; Vol. II: Pp. 1,084, with 365 illustrations. Baltimore, 1940, Williams 


& Wilkins Co. 

HAEMORRHOIDS AND THEIR TREATMENT (The Varicose Syndrome of the 
Rectum). By Kasper Blond, M.D., Formerly Assistant, Rothschild Hospital, Vienna; 
Hon. Consulting Surgeon, Municipal Hospital, Vienna. Translated by E, Stanley 
Lee M.S., F.R.C.S., Hon. Assistant Surgeon, Westminster Hospital. Cloth. Prico 
* , =/ p ’. ij.0 with 49 illustrations. Baltimore, 1940, Williams & Wilkins Co. 

SURGERY OF THE HAND. By R. M. Handheld-Janes, M.C., M.S., P.R.C.S., 
a ‘ on to Outpatients, St. Mary’s Hospital; Senior Surgeon, Florence Nightingale 
Hospital; Examiner in Surgery, University of Cambridge; Society of Apothecarm. 
Cloth Price $4-50. Pp. 140, with Do illustrations. Baltimore, 1940, William Wood 


& Co 


° , T ANATOMY OF THE HEAD AND NECK, ed. 2. By John Finch 
SURGICAL * LJjD; formerly Professor of Otolaryngology in tho 

Barnhill, M-D., .. ' Hon ' p ro f CS sor Anatomy, University of Southern California 
Indiana University; • mm j yrdliuger, M.D., Associate Professor of 
School of Medicine; a thwn California School of Medicine. Cloth. Price 
Anatomy, University 0 u Baltimore, 1940, William Wood & Co. 

$15.00. Pp. 773 , with 431 lUnstra 
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Thus iv e may say, 

Error varies with percentage x (100-percentage). 


Then if we combine these two notions of error, we find, with corrections, 
that 


. Percentage x (100-Percentage) 

Error vanes with. * 

n 


It can be proved that the error varies as the square root of these factors. 
If a series becomes ten times as long - , the error is not decimated but is 

decreased only to y-j~- of its previous value. Hence the formula be- 
comes for a given Percentage A, 


I Percentage A x (100-Percentage A) 
Standard Error (S.E.) = y Xo. of cases in the series 

(lx (100-A) 

= V n 

We are now in a position to consider critically the hypothetical state- 
ment regarding the merits of early and delayed operation. It is seen 
that the length of the series is eompletel.v ignored. The raw percentages, 
unmodified by length of series, are used to draw a sweeping conclusion. 
The other factor, the size of the percentages, is likewise ignored. For 
convenience in computation let us assume that each percentage was 

based upon a series of 100 operations. Then in the ease of delaved opera- 
tion 


so / 1.5 x ( 100 - 1.5 ) / 1. 

v Too~ — \l — 


.5 x 9S.5 


100 “ \ 100 
aud in the case of immediate operation 




/ 147.75 / 

/ 100 ~ \ 1A “ 5 — 1 -~ 1 < 


.S) 




4.S x 95.2 


450.90 


100 


V 100 




/ 4.5i 


5090 


2.13. 


S.E. . H-Sx (100-4,: 

V 100 

The respective mortalities, then, are not merely 1.5 and 4.8 per eent, 
ut 1.5 ± 1.21, and 4.8 ± 2.13 per cent. Thus, in another identical series 
|ke c-hance (derived by a mathematical process we need not consider 
lere > but which may be obtained from any book on statistics) is 1 in 3 
Ibat either of the mortality percentages might vary as much as one 
standard error and 1 in 22 that either might vary as much as twice its 
standard error. In other words, in another completely similar group of 
Patients, there is a possibility that the mortality percentages might be 
exactly equal, 2.7 for delayed operation, i.e., 1.5 a 1.2, and 2.7 for im- 
mediate operation, i.e., 4.8 - 2.1. 

Thus far we have considered the individual percentages and their 
standard errors; but, if percentages may vary so much, the difference 
etween them will vary likewise. The difference between two percent- 
ages has its own standard error derived from the standard errors of the 
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between 95.2 and 98.5 per cent are the same. Tile important fact is that 
the difference is 3.3 per cent, not that 4.8 is three times more than 1.5 
per cent. 

In recent years increased emphasis upon good hospital records is mak- 
ing a large mass of data available to the profession. At every medical 
meeting and in every medical journal doctors are constantly trying to 
draw sound conclusions from these figures. With few exceptions, they 
do not know how. The profession has failed to equip itself with the 
knowledge necessary to find the truth buried in its own records. 

There is a simple method by which percentages may be analyzed, based 
upon two factors inherent in every percentage. We shall later consider 
the derivation of the method, but now we give the rule of thumb by 
which the doctor may compute the soundness of the conclusions upon 
the margin of the paper in question. The following is the formula for 
the “standard error” of the difference between two percentages. 

V — Percentage A X (100-Percentage A) ~ Percentage B X ( 100-Percentage B) 
No. of eases in Series A P us No. of cases in Series B 


If the difference between Percentages A and B is less than twice the 
figure resulting from the above formula, the difference is not statistically 
significant and may be considered as due merely to chance. 

The steps by which this formula is derived and its practical applica- 
tion may now be described briefly. 

There are two factors that govern the reliability of any percentage. 
First, the reliability' of a percentage varies with the length of the series. 
It may be said to be intuitively obvious that 4 per cent of 1,000 is more 
reliable than 4 per cent of 50. As a first step in the derivation of our 
formula we may say that : 

Reliability increases with length of series, 
or 

Unreliability (error) decreases with Iength 0 f ^^7 


This is another way of saying that the error will be smaller as the 

length of the series or number of cases (n) is larger. 

Second, the man in the street realizes that any percentage in the 

neighborhood of 50 (50-50) is less reliable than a percentage nearer the 

° mes 0 £ 0 or too. It is an interesting and useful fact that 50 x 50 «=» 

1x09 = 99- If one multiplies any percentage by its comple- 

■ J ’° . „ a fio-m-e that is larger as one approaches “fifty-fifty.” 

nieiit, one geis 


10 

X 

00 
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20 

X 
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30 
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70 
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X 
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series of 3.4. Obviously this result has no statistical significance because 
the quotient (4.0 ~ 3.4) is only 1.2, far below the minimum of 2.0, and 
represents odds of only 3 to 1 that the difference did not occur by chance 
alone. A few months later two prominent American surgeons reported 
a series of 144 early operations (within seventy-two hours) with a mor- 
tality rate of 7.6 per cent and 176 late operations with a mortality rate 
of 3.4 per cent and concluded that late operation was better. The dif- 
ference in this series is 4.2 + 2.6 per cent; the quotient (4.2 -r 2.6) is 1.6 
and hence the difference cannot be considered as beyond the range of 
chance variation. Both protagonists are drawing conclusions which are 
not justified by the series at hand. 

Thus far we have considered the application of statistical method to 
percentages only. Although the percentage, e.g., morbidity or mortality 
rate, is the device most used by clinicians to draw comparisons in scien- 
tific papers, the arithmetic mean, the average, is also frequently used. 
What has been said of the importance of the statistical method in rela- 
tion to percentages applies with equal force to the average. 

It is obvious that: (1) an average derived from a large number of 
closely grouped observations is reliable; (2) one derived from a small 
cumber of widely dispersed observations is unreliable. The reliability of 
averages may be reduced to a numerical measurement much the same as 
in percentages. The “standard deviation” becomes the numerator of 
our fraction and the square root of the number of cases remains the 
denominator. I suggest that the reader consult Fortuyn or Hill as to the 
manner of computation of the standard deviation. 


I have tried to emphasize the great importance of statistical method, 
hut this does not constitute the whole picture. Accurate observation and 
logical reasoning are as important as they ever were. They are even 
more important, if possible, because, to borrow a chemical phrase, the 
e nd point has been so sharpened by the statistical method that errors in 
observation and reasoning are magnified. Clinical investigation may be 
said to have passed from the qualitative to the quantitative stage with 
all the painstaking accuracy that this step implies. The statistical 
method is not a smoke screen for slovenly work. It will not make an- 
swers right if the basic reasoning is wrong. It will not correct errors in 
observation for it can be applied only after the data are collected. The 
statistical method is but an extension of reasoning. 

An example of failure in this respect is the long-standing controversy 


concerning early versus late operation in acute cholecystitis. Many 
authors of medical papers attempt to ascertain the effect of one variable 
while ignoring the presence of another. In the literature on cholecys- 
titis an author may classify a patient, who enters the hospital on the 
■ 'hfiv of the disease and has an operation within twenty-four hours 


as an early operation and the patient who enters within twenty-four 
murs of the onset and has the operation three days later as a late opera- 
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percentages themselves. The standard error of the difference between 
Percentages A and B equals tile square root of the sum of the squares of 
the two standard errors. 


+ S.E. 

A B 


S.E. diff. — a/s.E. 

V A 

In our series the difference is 3.3 per cent, and S.E. diff. = 

^505iT = \/'<j.047T — 2.5 


V 2 2 _ 

1.21 + 2.113 — V 1-1775 + 4.5 


The difference actually is 3.3 ± 2.5 per cent. 

Statisticians vary as to what is a “significant" difference ; i.e., a dif- 
ference sufficiently great to be due to causes other than chance. The 
minimum requirement is a difference at least twice its standard error. 
In other words, the odds must be at least 21 to 1 that the difference did 
not occur by chance. Some are better satisfied if the difference is three 
times its standard error. Others compromise on a difference which is 
2,5 times its standard error. It depends upon the individual’s concept 
of “certainty.” If a difference between percentages is twice its stand- 
ard error, the odds are 1 to 22 that a difference as large as this could 
occur simply by chance. To some workers this is “certainty." If the 
quotient obtained by dividing the difference by its standard error is 2.5, 
the odds are 1 to SO and, if the quotient is 3.0, they are I to 369. One 
may take one’s choice, but, when the quotient is less than 2, the reality 
of the difference can be established only by amassing a larger series of 
cases. 

In our hypothetical series the difference is less than twice its standard 
error. The quotient obtained by dividing the difference by its standard 
error, 3.3 -t- 2.5, is 2.3. Therefore, while the delayed operation may be 
better, that conclusion is not justified when based on this series. Further 
study must be made or this series must be combined with similar series 
from other hospitals. And it is quite possible that the proportions in an- 
other hospital would be exactly reversed. 

Yet the mortality of immediate operation , in the hypothetical series, 
was “more than three times the mortality of delayed operation. " This 
type of conclusion which sounds so important is gravely misleading, be- 
cause it ignores the basic rules for evaluating data accumulated from a 
small sample in terms of its probable occurrence in the unselected popn- 


lation. . , , . 

To compute the standard errors of percentages is a simple and abso- 
lutely necessary procedure. For example, there reeently appeared in an 
.j sur-dcal journal an article in which an internationally known 
^ ‘ A stromdv for earlv operation in acute cholecystitis. Ilis 

surgeon s „ fe ^ u i.l, 7.2 ,«,• 
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in the experimental method, but they have thus far fleeted o each 
them an equally useful approach, the statistical method TWjjea^ 
ago Kilgore saw the problem clearly and urged that statist cal method 
have a place in the medical curriculum. There are signs t a 
schools at long last are about to offer courses in statistics o 

dents. , c 

Pending that long-delayed day when every doctor shall be awaie ot 

the necessity of the statistical method in clinical medicine, much can be 
done bv an enlightened medical editorship, Mediea e 1 ois » 
mand that statistical papers be properly analyzed and should refuse 
publication when the standard deviation or standard error is not in- 
cluded. Medical editors must eliminate or educate uninformed au 
and inculcate a statistical critique in the medical leadei. 

SUMMARY 

1. Clinicians have almost entirely neglected criteria of statistical 

analysis in their scientific writings. . 

2. The many contradictory teachings and controversial piac 
originate in part in this neglect of well-recognized statistical procedure 

3. We have described iu detail the derivation and application o 

simpler formulas as they relate to percentages. . 

4. With a little thought every doctor can master tins technique and 
apply it in a very few minutes to medical papers which utilize percen - 
ages in their conclusions. 

5. As presented now, most ease series are too brief for sound conclu- 
sions. Publication should be withheld until longei seiies aie amasse . 

6. A standard classification in such diseases as are now the center o 
controversy would enable short series to be combined and allow reliab e 

conclusions to emerge. _ . . 

7. Medical students should receive formal education in statistical pro- 

CCd-UTG. 

8. Medical editors should demand of medical authors that then- 
figures and data he statistically sound. 
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tion. It is not surprising that ambiguous conclusions emerge. The only 
logical method is to divide the cases into three groups: those entering 
the hospital within twenty-four hours of the onset, those between twenty- 
four and seventy-two hours of the onset, and those entering after 
seventy-two hours. Then in each group the effects of early and late 
operation can be determined. 

This necessitates a total series of about 1,000 patients, which is too 
much to expect of the clinicians today. As it is now, the individual series 
are too short for sound conclusions and the series of various authors 
cannot be combined because the methods of tabulation differ. It would 
be profitable if some authoritative surgical association erected a few 
rules under which gall bladder and other statistics were assembled. 
Then by a combination of series, reliable conclusions might be attained. 
As an example we suggest the following outline for assembling statistics 
on cholecystitis: 

A. Home treatment, 0-23 hours 

1. Operated upon in first 24 hours at hospitai 

2. Operated upon in second 24 hours at hospital 

3. Operated upon in third 24 hours at hospital 

4. Operated upon in fourth 24 hours at hospital 

5. Operated upon in fifth 24 hours at hospital or thereafter 

B. Home treatment, 24-47 hours 

Same as under A 

C. Home treatment, 4S-71 hours 

Same as under A 

D. Home treatment, 72-95 hours 

Same as under A 

E. Home treatment, 96 hours or more 

Same as under A 


This may seem at first to be unnecessarily complex, hut a moment’s re- 
flection will reveal that it is what every clinician would like to do ; but, 
when he assembles his eases, he finds that lie does not have sufficient 
cases to make the population of any one group large enough and so 
makes his classification coarser. 

Thus far the age factor has been completely ignored. The above 
classifications should be repeated for each ten-year age group. No clear- 
cut teaching has yet emerged in the literature largely because the age 
factor has been universally ignored. To my knowledge, no report has 
yet appeared which yields statistically impeccable conclusions. But 
within five years of this date, a clear-cut answer to this problem could 
be made if twenty outstanding clinics would adopt a standard classifica- 
tion and submit their data to statistical analysis. This is only one of 
problems confronting surgeons which require the statistical ap- 
proach for their solution. 

the remedy 


tn , 1n about the statistical approach in medicine? The 
■What are w lieal schools, which must train every student m 

answer rests with tae d inetIl0tl . Medical schools train students 

the rudiments ox tne 
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in the experimental method, but they have thus far neglected to teach 
them an equally useful approach, the statistical method. Twenty years 
ago Kilgore saw the problem clearly and urged that statistical method 
have a place in the medical curriculum. There are signs that the medical 
schools at long last are about to offer courses in statistics to their stu- 
dents. 

Pending that long-delayed day when every doctor shall be aware of 
the necessity of the statistical method in clinical medicine, much can be 
done by an enlightened medical editorship. Medical editors should de- 
mand that statistical papers be properly analyzed and should refuse 
publication when the standard deviation or standard error is not in- 
cluded. Medical editors must eliminate or educate uninformed authors 
and inculcate a statistical critique in the medical reader. 

SUMMARY 

1. Clinicians have almost entirely neglected criteria of statistical 
analysis in their scientific writings. 

2. The many contradictory teachings and controversial practices 
originate in part in this neglect of well-recognized statistical procedure. 

3. We have described in detail the derivatiou and application of the 
simpler formulas as they relate to percentages. 

-1. With a little thought every doctor can master this technique and 
apply it in a very few minutes to medical papers which utilize percent- 
ages in their' conclusions. 

5. As presented now, most ease series are too brief for sound conclu- 
sions. Publication should be withheld until longer series are amassed. 

6. A standard classification in suc-h diseases as are now the center of 
controversy would enable short series to be combined and allow reliable 
conclusions to emerge. 

7. Medical students should receive formal education in statistical pro- 
cedure. 

8. Medical editors should demand of medical authors that their 
figures and data be statistically sound. 
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A BULLET IN THE HEART FOR TWENTY-THREE YEARS 

Gr. Grey Turner, LL.D. (Hon.), D.Ch. (Hon.), M.S. FRCS 
F.A.C.S. (Hon.), F.R.A.C.S. (Hon.), London, England ' 

Now, slowly, let us hear what befell aftenvaris-riep by step omitting 
nothing.” Kim. 

A GENERAL interest in the fate of foreign bodies and recent 
publications dealing with their effect when lodged in or about 
the heart encourage me to report the ease of a man who is alive and 
well and has gone about his daily work for the last twenty-three years 
with a machine-gun bullet lodged in the wall of the left ventricle. 


The patient, an officer, 32 years of age, was admitted to a base hospital under 
my care in April, 191/. Eighteen days before admission, while in the open, he was 
struck ou the front of the left side of the chest by a bullet from a machine gun 
at an estimated range of 500 yards. There was a snowstorm at the time, and, 
though he does not remember exactly what he was doing, he thinks he may have 
had his left arm held up in front as some protection against the driving snow. 
There was a through-and-through bullet wound of that arm just above the elbow, 
and he believes that may have been inflicted by the bullet which penetrated tiie 
chest. In its course the missile traversed a service waterproof and the left breast 
pocket of his tunic and its contents, consisting of a bundle of six letters and a 
pocketbook one-half incli thick (Fig, 1), at the same time grazing the edge of a 
wooden ruler and, of course, penetrating his shirt (Fig. 2.) He had no clear re- 
collection of what happened immediately after the casualty but only a hazy 
memory of lying on a stretcher at a field ambulance where ho had some tea. From 
there he was moved to a C. C. S. about twelve miles behind the line. Recollection 
of that hospital mostly concerned a pain which he felt in the left car and which 
he attributed to an old otitis from which he had suffered since early youth, and 
which he thought had been lighted up by the journey on the stretcher with his head 
exposed. After three days he reached a base hospital in France from which he 
was transferred as a lying case to the First Northern General Hospital where he 
came under my care. When I first saw the patient, his only complaint was of some 
slight soreness about the situation of the wound on his chest. He lay still and 
quiet, but only because he had been told that he must take great care and insist 
on bein'* carried. In general appearance he was a well-developed mail with rather 
a big chest. He looked fit and well and wade no complaint. At the onset I would 
like "to say tiiat tiiis patient was of a calm and equitable temperament ami with a 
sane outlook on life which throughout all the years I have known him has com 
manded my continued admiration and respect. Local examination disclosed a small 
wound of entrance one-half inch below and one-fourth inch external to tin- left 
Tiinnle fFi<* 3), but there was no wound of exit. There were the sears of the 
throu <di-and- through wound about two inches above the left elbow, but tins had 
nwnrentlv done no damage and there was never any disab.hty arising mm. it. 

■* of the wound on the chest wall at once suggested the possibility "f 

T ' te trim oil™ but there were no characteristic signs. The pulse was regular, 
some carim 1 , * ^ of (U to the minute; the temperature was normal, 

steady, am ‘ ‘ ? ’ . ot - ( , our , 0j the patient was kept quietly in bed. My 
There was Beattie examined the patient and reported «* 


colleague; 
follows : 
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“Slight deficient expansion on left side of ehest. No impairment of percussion 
resonance. Breath sounds enfeebled vesicular over left base and axillary region 
but definitely audible and accompanied by some coarse crepitations. Vocal fremitus 
and vocal resonance present but diminished as compared with right side. Apex 
beat in fifth left interspace in nipple line. Heart action regular, no valvular defect, 
no pericardial friction.” 

An x-ray examination disclosed a service bullet with its base anchored probably 
near the tip of the left ventricle (Kg. 4). Not only was the foreign body pulsing 
with the regular heart beat, but its point was whirled about in the blood vortex in 
the heart cavity. Never before or since has it been my lot to witness a fluoroscopic 
examination which excited more vivid interest — a metallic foreign body which had 



Fig. 1. — Contents of pocket traversed by bullet 
Fig. 2. — Notebook aud scale perforated by bullet. 


j ( ^ C e heart cavity without killing the patient, and was merely anchored by 
ase 1° the heart wall, while its apex was whirling about in the blood stream 
a wee d growing from a stone at the bottom of a mill race. An eleetrocardi- 
0 o rani (Fig. 5A) was submitted to the late Sir James Mackenzie who kindlv reported 
a Po« it as follows : 

, ^ Ie electrocardiogram shows notliing peculiar, excepting in the second lead 
of 6 - t ' iG " aVe ^ ' s inverted. This inversion of T was assumed at one time to be 
serious significance, but I have watched cases who show it for a great many 
r ®’ aml this view has turned out to be unjustified. We do not know why T 
v u . ' co inverted. It is very well marked in your tracing. I shall be pleased if 
u will let me know bow things transpire later.” 


A BULLET IN THE HEART FOR TWENTY-THREE YEARS 

0. Grey Turner, LL.D. (Hon-.). D.C'u, (How), MS PROS 
4t F - V -°- S - ( Ho - v *)> F.R.A.C.S. (How), London, England ' ” 
Now, slowly, let us hear what befell aftenvards-step by step omitting 
nothing." Kim. 

A GENERAL interest ::t tiie fate of foreign bodies and recent 
publications dealing with their effect when lodged in or about 
the heart encourage me to report the ease of a man who is alive and 
t\ell and has gone about his daily work for the last twenty-three years 
with a machine-gun bullet lodged in the wall of the left ventricle. 

The patient, an officer, 32 years of age, was admitted to a base hospital under 
my care in April, 1917. Eighteen days before admission, while in the open, he was 
struck on the front of the left side of the chest by a bullet from a machine gun 
at an estimated range of 500 yards. There was a snowstorm at the time, and, 
though he does not remember exactly what he was doing, he thinks he may have 
had his left arm held up in front as some protection against the driving snow. 
There was a through -and- through bullet wound of that arm just above the elbow, 
and he believes that niav have been inflicted by the bullet which penetrated the 
ehest. In its course the missile traversed a service waterproof and the left breast 
pocket of his tunic and its contents, consisting of a bundle of six letters and a 
pocketbook oue-half inch thick (Fig. 1), at the same time grazing the edge of a 
wooden ruler and, of course, penetrating his shirt (Fig. 2.) He had no clear re- 
collection of what happened immediately after the casualty but only a hazy 
memory of lying on a stretcher at a held ambulance where he had some tea. From 
there he was moved to a C. C. S. about twelve miles behind the line. Recollection 
of that hospital mostly concerned a pain which he felt in the left ear and which 
he attributed to an old otitis from which he had suffered since early youth, and 
which he thought had been lighted up by the journey on the stretcher with his head 
exposed. After three days he reached a base hospital in France from which he 
was transferred as a lying case to the First Northern General Hospital where he 
came under niv care. When I first saw the patient, his only complaint was of some 
slight soreness about the situation of the wound on his chest. He lay still and 
quiet, but onlv because he had been told that he must take great care and insist 
on beiim carried. In general appearance he was a well-developed man with rather 
a bi' T ehest. He looked fit and well and made no complaint. At the onset I would 
like "to sav that this patient was of a calm and equitable temperament and with a 
sane outlook on life which throughout all the years I have known him has com- 
manded mv continued admiration and respect. Local examination disclosed a small 
, e one-half inch below and one-fourth inch externa) to the left 

nipple (Fig. 3), 

through-and-through wound about 


wound of entrance one 

but there was no wound of exit. There were the sears ot the 
two inches above the left elbow, but this had 
“ ' ii.muv'c aud there was never any disability arising from it. 

Situation of the wound on the chest wall at once 
some 


cardiac* injury, but there were no characteristic signs. The pulse was regular. 
J * a... m tn th* minute.* the tenine: 


colleague, Lieut.-Colonel 
follows: 

publication, September 4 . 19«. 


, , , „ n .i ve rarre rate of 04 to the minute: the temperature was normal, 

steady, an ‘ ‘ J u> of course, the patient was kept quietly in bed. My 

There was no . P >pj 10m as Beattie examined the patient and reported as 
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The operation, was carried out on a never-to-be-forgotten Sunday morning, May 
20, 1917, just tliirty-nine days after the receipt of the casualty. Mr. W. E. M. 
Wardill and Mr. Rochester Smith acted as assistants, while Lieut.-Colonel Beattie 
and Major F. Pybus were also present. Captain H. H. Markham gave the anes- 
thetic; induction was by A. C. E. followed by open ether, and this proved most 
satisfactory throughout. The approach was a left parasternal one and the general 
technique was as described by Kocher in the third English edition of his textbook, 
Operative Surgery. 

Under the anesthetic it was noticed that the left chest did not expand as well 
as the right and that the intercostal spaces were drawn in a little. The skin 
incisions were as shown in the illustration (Pig. 3). As a first step the sixth costal 
cartilage was excised. There was no difficulty in carrying this out, and the 
pericardium was easily exposed by dividing the attachment of the triangularis sterni 

51US 



0,1 g the seventh costal cartilage and the end of the sternum and pushing it out- 
d'on u P"’ ;ir d together with a good deal of fat. As soon as this had been 

iUc ^’ air began to be sucked into the cellular tissue around the pericardium, to 
an extent that this area rapidly became emphysematous. It closely simulated 
111 *' le Pleura and throughout the operation was rather an anxiety, though it 
controlled to some extent by covering up the exposed part with large wet swabs 
gauze. The fifth and fourth rib cartilages were next cleared, the pleura being 
-eparated from their deep surfaces and gently pushed outward bv the finger before 
th «y were divided. ' 

The flap of chest wall was then bent outward, but, as this did not give enough 
this ) 11 * s P ace ’ *-1'° third cartilage was also cut through and displaced. During 
utter step the internal mammary vein was torn and almost at once the area 
came obscured by frothy blood which might have been a great nuisance, but 
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to get up and ns there were Z lL rnL J Z T , 0 " ^ 12 ,1(> ”« »Ho«Jl 
Patient was allowed to go to the toilet to w ,» . ’ f h became iwWer and the 
eare up and down stairs. He was fd-i nn r ' *' ° U * le " ar<b i,nd to walk with 
moderation as was his wont. ” ordinary food and smoking cigarettes in 

Meanwhile the proper management of the ■ ■ 

turn. The bullet, I concluded was mt . , ' ' as 8 lvm g ;, ie etirnest considera- 

merely tethered by its base, the apex bebw ° ° ■’ e,nbc<Mcd in *>■<? heart wall but 
that the patient ran a great risk with a f„ rC ° V** cavitj% A P riori it seemed 

• c 1{ " 01lltl become dislodged and cause fatal 



Fist. 3. — Scar of wound, showing entrance of Outlet just below left nipple ■ also the 
incision employed for exposure of the heart. 

embolism or that blood clotting about the foreign hodv would produce a thrombosis 
which might behave in the same way. On the other hand the risks of its removal 
one knew must be considerable, but some few surgeons like Beaussennt (Bull. 
Acad, de med., meeting of May -1. 1915) of the French Army and others had already 
been rewarded by success. After summing up the situation and discussing the 
matter with my colleague, Lieut.-Colonel Beattie, it was proposed to the patient that I 
should at least make an attempt at the removal of the unwelcome visitor and he 
willingly agreed. In my own mind I determined that discretion should be the 
better%art'of valor, but, nonetheless, I felt very confident in judicious intervention 
especially as I pictured the possibility of the base of the bullet being visible on 
the outer surface of the heart wall. 
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lying there and palpation in the vicinity did not disclose its whereabouts. What 
was at first taken to be the bullet was felt to the right of the left coronary artery 
and at a spot near the junction of the auricle and ventricle, but the more this area 
was palpated the less did the hardness detected seem like a foreign body. 

It must be remarked that the varying status of the heart muscle in systole and 
diastole made observations by palpation very difficult, for at the best diastole 
allowed only a second of relaxation, which is a very short time for accurate obser- 
vation, and daring systole the muscle became stony hard. After further negative 
palpation the region of the sear and the area near the ventricular base were ex- 
plored by puncture with a straight needle but without striking anything metallic. 
The heart muscle was surprisingly tough and the punctures only bled momentarily. 
The region of the left auricle was then explored, but nothing abnormal could be 
detected. 

It was still felt that the bullet might be lodged about the suspected area near 
the base of the ventricle. To steady the heart for final exploration a stitch of fine 
catgut was passed into the wall of the ventricle just by the side of the entrance 
scar. It was found difficult to manipulate a needle holder and in view of the 
possibility of having to open the heart and suture it rapidly a little more working 
space was felt to be necessary. This was secured by cutting away the sternal 
remains of the divided costal cartilages with rongeur forceps. This was a con- 
siderable help, but much more room could have been obtained by cutting away 
the edge of the sternum. Gentle traction on the stitcli steadied this portion of 
the heart wall without in the least affecting its general action. Further punctures 
were made with the needle, but nothing metallic could be struck. In spite of these 
negative findings I was very reluctant to give up the attempt to locate what I 
imagined ought to have been an easily identified foreign body. As a last step 
it was decided to inspect and palpate the back of the heart, but we found that 
the organ could not be lifted forward without kinking the vessels to some extent, 
though it could be somewhat rotated on its long axis so as to expose partially 
its posterior surface. 

The area high up behind the ventricle was thus exposed and then the whole 
heart was taken into the hand so that it could be thoroughly palpated between 
the fingers behind and the thumb in front. As a result something bard and 
elongated could be felt in the very center of the viscus, presumably about the 
base of the interventricular septum, and this was more like our foreign body than 
anything else. But tliis examination of the whole “heart in the hand” gave us 
a fright, for as soon as mild pressure was applied about the base it stopped beating. 
It was only after a few seconds that a furtire contraction was followed by one 
or two others which preceded a return to the regular rhythm and it was with 
thankfulness that the heart was allowed to return to its normal position in the 
pericardium. Having failed to locate the missile by external palpation, I wondered 
if an exploration of the interior of the ventricle was justified. 

As the bullet had not, up to the time of operation, produced auy symptoms 
and as it could not be certainly localized, I decided that it would be unreasonable 
to subject the patient to the risk of opening the heart cavity and the attempt to 
find and remove the bullet was therefore reluctantly abandoned. The area which 
had been traversed by the stitch was then dealt with. The needle punctures bled 
just a little and might perhaps have been left alone, but it was felt safer to cover 
them over with a suture of fine catgut passed Lcmbert fashion through the visceral 
pericardium. This was easily done and effectively controlled the slight oozing. 

A little fluid which had collected in the pericardium was gently mopped up. In 
spite of a good deal of tension the edges of the pericardial sac were brought to- 
gether with interrupted sutures of fine catgut passed so that the visceral surfaces 
were in contact with each other. A small drainage tube was left in the lowest 
part of the sac and another laid along the outside near the suture line. When 
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movements had been r^hoT'laLmfaLrlJsf ' bi^th L*^ tim ° tfle res P irator J' 
Hie pericardium was incised Tim inn Ct> becamc quieter before 

» owique " 2;,r n ;t t 1 ™" «“ ™% ■*»«■ 

cartilage. J m tlle (lirect, °» of the sixth 

:? h irr' “ ™» - «. - 

bMta" ,,, til," 7 “ *»"*'/ been 

* . 4 »’ ^ l<? fusion in the pericardium was next nrolono-er] 

a„ ht?t°V^r?T t0 th0 W of the lwcr bW(!er of » le 

° C ■ 1 " 1 later t0 thc t!llr<1 ; f!ler o was no bleeding from its cut edge. 



n Electrocardiograms (limb lead) taken just before f.i ) and three months after 

(it) operation. 


The heart, when first exposed, began to beat in a tremulous fashion, but this 
quickly ceased and throughout the subsequent manipulation its movements were very 
steadv Just after first administration of the anesthetic the pulse rate was 120 
and of rather low tension, but at a later stage it was only 05 and of normal tension. 

‘ firsfc gjo-jjt 0 f the naked heart nothing abnormal was noticed, but on further 
examination the spot where thc bullet had entered was seen about the middle of 
ti.e miter border of the left ventricle slightly toward its posterior aspect. It was 
! definite depression surrounded by a roughened whitish area on the visceral pen- 
T P f- nnnnsite this point on the inner surface of the pericardial sac the 
cardtum. Ju PP was plainly seen. The heart muscle in the neigh- 

scar of the "Oun satisfy myself that thc bullet was 

borhood of the wound felt firm, 
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capacity ... I am not required to travel much ... I conduct the work from 
an o fries in the County town, about seven miles from this cottage, which is well 
in the country, and I drive myself back and forward daily in a 10 h.p. car. 

“The heart has not troubled rue much and so far as I can gather from such 
doctors as I have had to ‘listen in’ from time to time it appears to be working 
normally. I have not felt it necessary to consult a specialist at any time. Re- 
membering the teaching, I have just been going easy physically. I have not worried 
about games, I mean golf, etc., for a long time. I iind that with my gardening 
when the weather is good, I can get all the exercise I want. . . . 

“As a matter of interest to you, I had my appendix removed about five years 
ago. A surgeon in Edinburgh did it, using a local anaesthetic. I got over it all 
right. I think I was back to this office in a month or five weeks. . . .’’ 

A year later, in June, 1937, that is, just over twenty years from the time of 
the casualty, I had the pleasure of a visit from the patient, when the following 
note was made: 

“The Captain eame to see me. He is now staying in London for a little holiday. 
He informs me that on the whole he is very well and has no disability of any 
sort so far as his heart is concerned. He still lives in the country and usually 
drives his own ear to Ids office, but when the weather is fine, he walks one and 
half miles to the nearest village and gets a ’bus, but be does not do that in 

cold weather. During recent years he has been occupied in making a garden and 

works a good deal himself. He gave up golf a few years ago, not because he 

found it did any harm but because he thought it would perhaps be wiser not to 

exert himself unduly. 

“At times lie has suffered from indigestion, or what he calls indigestion, which 
has taken the form of a pain in the epigastrium, but it lias never been very bad. 

“He is now fifty-two years of age, and looks very well though rather heavy and 
idth an obese abdomen. The scar over the pericardium looks perfectly normal in 
every- way; it is firm and gives no trouble. The Captain made no complaint except 
of his ear, which was troubling him a good deal. Dr. Duncan Ti lute made an 
x-ray examination and reported: 

“ ‘A bullet is embedded in the wall of the left ventricular septum. Its move- 
ment is symehronous with the cardiac contractions. There is slight enlargement and 
rounding of the left ventricle with very slight unfolding of the aorta. ’ (Tig- f ■ ) 
Dr. R. s. Aitken, now Professor Aitken of Aberdeen, made an examination of 
die chest, and except for some emphysema there were no signs of disease. The 
heart appeared to be normal and the pulse ranged about 62 and was perfectly 
steady. The blood pressure in three readings averaged 13S/SS. At the same time 
Hr. Paul Wood made an electrocardiogram which he reported as being entirely 
within normal limits (Pig. 6). At the same time I took the opportunity of asking 
Hr. Wood to let me have his observations on the previous electrocardiograms, that is, 
those made just before and just after the exploration, as I knew that much light 
had been thrown on cardiographic problems since the time the patient first came 
“Oder observation. The following is his comment: 

‘These electrocardiograms, showing inversion of the T wave in Leads I and ~, 
often with a diphasic effect, probably signify haemopericardium in the first in- 
stance and healing of it in the second. Alternatively they might indicate an in- 
to the anterior wall of the left ventricle. If the bullet entered the left 
ventricle anteriorly it is impossible to say whether the muscular injury or the 
associated pericardial lesion was the cause of the electrocardiographic findings, but 
H was certainly one or the other. If the bullet did not damage the anterior wall 
°f the left ventricle, then the pericardial lesion can be blamed with certainty, 
much blood in the pericardial cavity would be necessary. 
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the 'rni.hv . ! T CCU U t0 protcct tlle ccliular ^sues were removed, 

l o cffiphj&una of the latter was very obvious and rather embarrassing. With 

?“ C I !; lnil ‘ 0!! 0f , th ® dleat tho was forcibly advanced and it was realized 

ST easily it ought have been injured, iiad it not been for the gam* protection. 

he flap of chest wall was readily laid back into position and was held by one or 
tuo catgut sutures between the periosteum of the sternum and the perichondrial 
structures, but since the sternal ends of the costal cartilages had been cut awav 
porieet apposition could not be secured. The skin was sutured with interrupted 
silkworm without tension, the drains being brought through the center of the lower 
oblique incision. The area was supported by strapping firmly applied over the 
dressing with an encircling chest bandage over all. The operation took one and 
thiee quarters hours, the greater part of that time being expended in efforts to 
locate the bullet. 

lhe patient stood thc ordeal perfectly well, though at the conclusion he was 
rather cyanosed, but the pulse was slow and of good volume when he left the table. 
Immediate recovery was satisfactory and gave no eause for anxiety. Oa the second 
and third days, with a respiration rate of 30, the pulse was over 100 but it was 
never more than 110 and soon came down to between SO and 90 and then 70 and 
00, and the rhythm was regular throughout. The only troublesome symptom was 
persistent vomiting without nausea, and this was really distressing. For days he 
could keep nothing down, but in spite of this seemed well and was quiet and 
undisturbed. In the course of a week the condition gradually subsided, having 
been entirely uninfluenced by treatment. The patient himself dated his revival 
from about the fifth day, when he expressed a great longing for a whisky and 
soda. Like everything else that he took this was prompt ly rejected, much to the 
discomfiture of the nurse, though the patient declared that he enjoyed it “both 
going down and coming up again,” and he certainly began to improve from that 
time and eventually recover)- was satisfactory. He was well enough to be out 
of bed in three weeks. The wound healed per primam, though the patient felt 
some weakness over the area and a sense of “coming apart” on coughing or 
exertion, but this gradually lessened and five weeks after operation, when lie began 
to walk, the area was firmly consolidated and the chest expanding well. A month 
after operation Col. Beattie made an ordinary examination of the heart without 
finding signs of abnormality. A further x-ray made at this time showed the bullet 
in precisely the same position as before and moving with the heart beat, but the 
whirling movement which had been so striking a feature had ceased. 

The patient left the hospital nine weeks after operation and thereafter steadily 
improved. Three weeks later the condition was good with the heart behaving well. 

An electrocardiogram made at this time showed the same appearances as before 
the operation (Fig. 573). In November he reported himself as very well and shortly 
afterward he took up adjutant duties and next year was transferred to the records 
office of his regiment. After taking his discharge eariv in 1922, lie took a long 
rest before resuming civilian occupation in an office. Thereafter he was able to 
do all ordinary things in moderation including playing a mild game of golf. Ten 
‘ a fter operation he married. At times lie was perhaps rather apprehensive 
and a little too careful. In consequence he put on weight unduly and suffered 
from' indigestion. In 1931 I had a report as follows: 

the heart seems to be in pretty good condition. It is not enlarged, sounds 
are go'od and the rate normal. His blood pressure about 135 .. . he has not been 
. to keep liimseif fit.” 

taking enou Q - ^ j )eg( . e pit ome 0 f lus activities is that contained in a letter 


. , •. t„1v 1036. iust nineteen years after the casualty, 

which I received l ^ ft(j above tUat q hare moved further Nort 
“You will obs heard of me — about ten years ago I obti 
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walls of those cavities are so much thinner and so easily torn that 
death from hemorrhage is to be expected. Nonetheless, in Decker’s 
series no less than 8 of the examples of the 65 retained missiles were 
in the auricles. As the result of his review and of his great experience 
in military surgery, Makins suggested that when death was immediate 
it was as likely to be due to shock as to hemorrhage. He also stated 
that probably a spent bullet would be much more likely 7- to lodge in the 
heart. This point is strikingly illustrated by the case reported by 
Birkbeck, Lorimer, and Gray 3 in which a bullet was lodged in the right 
ventricle. In that case the bullet had “passed through and killed a 
man in front of him.” 

In the ease now reported there is no certain information as to the 
distance which the bullet traveled before striking its victim, but the 
fact that it probably traversed the upper arm and certainly the large 
wad of paper material in the breast pocket was probably enough to 
slow up its velocity and possibly determine its lodgment. (The ven- 
tricular wall may be perforated by a missile not only without serious 
hemorrhage into the pericardium but with practically no bleeding.) 
The impaction of the bullet in the heart wall may act as a plug and 
in some eases 4 the bullet has actually been found so situated, the base 
projecting slightly from the outer cardiac wall. Deposit of clot around 
the bullet may also play a part, but probably the powerful contraction 
of the heart muscle is the most important factor. Anyone who has 
witnessed the extreme contractile power of the heart muscle in vivo 
will have no difficulty in realizing that this in itself would probably 
be enough to close the tract of the bullet and to prevent any but trivial 
hemorrhage ; this is certainly borne out by the experience of this ease. 
At the operation there was only a small amount of blood-stained fluid 
in the pericardium and no evidence that thei'e had ever been free hemor- 
rhage. In stab wounds of the heart (Pig. 7) the condition seems to be 
rather different for there is usually free bleeding, but even so the actual 
loss of blood is often not enough in itself to kill the patient, death usually 
occurring beeause the collection of blood in the pericardium compresses 
the heart and leads to the condition known as “cardiac tamponade,” 
which is usually the cause of the immediate fatality. When a bullet 
is lodged in the heart wall without causing immediate mortality, what 
is tiie reaction of the surrounding tissues to the intruder? It may be 
safely asserted that in the absence of infection encapsulation by fibrous 
tissue will occur. 

That this proeess was taking place was suggested in the case under 
consideration by the fact that the whirling movements at first seen on 
fluoroscopic examination gradually ceased as though that part of the 
Inflict projecting into the heart cavity were becoming gradually covered 
by organizing clot which would be provided by a smooth endothelial 
covering. Exactly the same thing appears to have occurred in the ease 
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‘ ilio graphs are, of course, quite abnormal, ami I can say with certainty that 
there coulil be no other cause for them in this case. They are rather more like 
the changes due to huemopcricardium or to other perieardial conditions than those 
of anterior left ventricular injury. ...” 

In April of this year (.1910) * the patient reported that he was quite well, though 
he confessed to being a little tired, “n result of the present war, not the last 
oilel ” When fatigued he suffers from what lie describes as indigestion, but this 
passes off after a week or ten days’ rest. 



[.'i;., fi, — Normal electrocardiogram with bullet in situ in left ventricle twenty years 

after casualty. 


Considering tiie magnitude of the last great war with its multiplicity 
of arms and its huge toll of casualties, it is surprising' that there are 
comparatively few records of patients long surviving with bullets lodged 
in the heart. That there are still fewer cases where a fragment of shell 
has been retained is almost certain, because wounds caused by these 
fragments are so frequently fatal as a result of infection. Further, 
many foreign bodies supposed to be in the heart are really imprisoned 
in some part of the pericardium. In a recent review of the subject 
Decker 1 was able to quote from 100 case reports of foreign bodies re- 
tained either in the heart or pericardium and of these 65 were bullets or 
fragments of shell in the heart itself. Probably there are many more 
examples than have been recorded and some indeed may be unknown, 
for strange though it may seem, there are those who were wounded 
,? totafmr who hove never been Emitted to .way — »* 
All those who have looked into this matter have been struck by th 
A imbep of cases in which portions of missiles imprisoned m the hmt 
niimbei oi cases i inconvenience much less serious 

haV e nature’s powers of repair. In ids 

symptoms, wj j l Speciinens Showing the Effects of Gunshot 
interesting Blood Vessels in the War Collection at the 

Injury on the Heart Qf Surgeons of England” Making suggests 

Museum of theB 1 5 vent rides need not necessarily end in latality 

Vincis of the auricle are different, for the 


•April, 1341, P atient ve °' 


well just twenty-four years after the casualty. 


TURNER: BULLET IN HEART FOR 23 YEARS 


843 


Zealand in 1860, “There were doubts as to whether or not the bullet 
had penetrated the chest so trifling were the symptoms.” The man 
lived for fourteen years and then died in Ashantee from remittent fever 
when the bullet as shown in the specimen was disclosed at the post 
mortem. 

It is surprising that many missiles have remained quite free in the 
cavities of the heart, from which they have been removed at considerable 
intervals after the casualty and often with success. When loose in the 
cavities, they may leave the heart with the blood stream and become 
lodged in one of the great vessels. Indeed there seems to be no end 
to the vagaries of these unattached and unwelcome visitors. On the 



Fig. 


fourteen* ball encysted outside pericardium and discovered at post mortem 

Death after wound. At the time of the casualty the symptoms were trifling 

sas *-‘ le result of a tropical fever. (From Army Medical Museum, Millbank. ) 


°tier baud, a wound in the heart, however produced, may result in a 
'\eak scar which may subsequently rupture either spontaneously or 
as ttle result of violence or may gradually yield, to be followed by the 
development of an aneurysm of the viseus. Late dislodgments of a 
a reign body may also occur. The symptoms associated until impacted 
01 'eign bodies which have produced neither immediate nor rapid death 
and have settled down in the organ also vary. The case under con- 
sideration shows that there may be an entire absence of symptoms and, 
'ndeed, except for the disclosure of the x-ray, the presence of such a 
thing as a foreign body in the heart might well be doubted. It is 
recorded (Decker) that some patients who harbor foreign bodies in the 
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recorded by Burgess.-* I have not been able to find an illustrative sDeei 
men either m the Museum of the Royal College of Surgeons of England 
the Army Medical Museum at Millbank, or the Museum of the Medical 

montioncl state of the parts has been 

mentioned by some surgeons, and Couteaud and Belloty recording a 

ease where a bullet was lodged in the wall of the auricle from May 

4 to r\ov. 9, state that “(lie vigorous fibrosis which surrounded the 



7. stab wound of left ventricle produced by an Arab dagger. 

bullet resembled a veritable fibroma, its capsule averaging 1 !4 centi- 
metres in thickness.” In another published case the bullet is said to 
have become encysted. In the Museum of the Army Medical College 
at Millbank there is a specimen of a heart with a piece of the anterior 
pericardium and lying on the outer surface of the latter opposite 
lie root of the great vessels, is an old-tashioned lead musket ball 
The catalogue description states that the man was wounded in New 
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eurastanees the problem is entirely different. If a foreign body in the 
pericardium is causing symptoms, it ought to be possible to remove 
it comparatively easily and with little risk, and no competent surgeon 
need hesitate to undertake the intervention. In two cases (Figs. 9 and 
10) hi which I operated the foreign body was the cause of an external 
sinus. Both were imbedded in the pericardium, and it was not 
difficult to remove them, using an incision by the side of the sinus and 
excising cartilage. For merely opening the pericardium for purposes 
of exploration or for removing a loose body in that cavity, an incision 
in Larry’s angle ought to be very satisfactory. When the foreign body 
is fixed and anterior, it may be reached by the nearest route from the 
surface, which will usually mean making a parietal incision along one 
of the lower costal cartilages on the left side. Should the missile be 



Fig. 3— Bullet wound over pericardium. Patient wounded in November, 1916. Free 
discharge of v.us from the track which healed and broke down many times. Removal 
of foreign body in August, 1917, followed by good recovery with complete healing. 

on the posterior surface or the lateral walls, the Ivocher approach is 
probably the best. I have no experience in the extraction of the foreign 
body under the fluorescent screen, a small incision having been made 
into the pericardium from the surface of the chest. This is a method 
suggested and practiced with success by some French surgeons. In 
fortunate circumstances this may he successful, especially with a 
foreign body loose in the pericardium and sometimes perhaps if the 
foreign body is merely attached to the outer surface of the heart, but 
I cannot imagine it being successful in other circumstances. Just prior 
to any operation for the removal of a foreign body, the exact position 
of the object must be again confirmed by careful x-ray examination. 
It is quite remarkable how the movements of the heart may be communi- 
cated to a foreign body which is not really in that organ. On occasion 
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heart have done heavy work, such as coal heaving, and that one man 
daubed a mountain 2,000 meters high. On the other hand there may be 
attacks of palpation, irregularity of heart action, and dyspnea or 
svncopal attacks on exertion. In some eases pain has been a marked 
feature, either precordial or retrosternal and either sharp or dull. 
Sometimes the trouble is more a sense of oppression over the heart. 
In some eases the symptoms follow close on the injury, but as a rule 
sueh early troubles settle down as the result of the long period of 
lest which is enjoined and in about one 01 * two years eases that are 
going to do well should be symptom free. In othei'S the symptoms only 
occur when an attempt is made to resume active normal life. The 
differences in tiie consequences probably depend on the position of the 
foreign body in the heart and especially its relation to the muscle bundles 
and the co-ordinating centers. In addition to the characteristic cardiac 
symptoms just mentioned there may be neurotic manifestations which 
mainly depend on the attitude of the patient to the knowledge that he 
harbors a foreign body in one of the citadels of his well-being. 
Patients who have felt no evil consequences have sometimes been 
kept in thralldom by the well meaning attentions of overanxious relatives 
or friends. 


The management of these cases is a matter for serious consideration. 
A patient who has fortuitously survived a casualty so menacing de- 
serves to be very closely guarded against ill-advised attempts at surgical 
intervention. In the case which is here recorded the attempt to remove 
the missile appeared to be justified for the reasons already stated, but 
at that time there was little to guide us as to the natural history of 
bullets in the heart. The experience that has since accumulated has 
shown that in the process of time many foreign bodies, perhaps most, 


become safely encysted and do no harm. The fear of infrequent late 
complications (Decker quotes Loisson that there were 9 eases of late 
rupture of cardiac aneurysm in 254 cases of heart injury) should not 
be made an excuse for intervention when the patient is symptom free, 
and it would seem a good rule to leave the foreign body alone unless 
the heart continues to rebel against its presence. The interpretation 
of the disclosures of the electrocardiograph may furnish some guide as 
to when intervention is in the best interests of the patient. On the other 
hand if definite symptoms persist or develop, then intervention of 
course should be seriously considered, and the operation for removal 
m issjles from the heart has now many brilliant successes to its 
credit The situation of the foreign body has a decided bearing on 

1 fnv those situated in the ventricles or near the apex lane 

pin, than .then the a,, hn*c<l » 

proved much easie p ^ posterioi> surfaee of the organ. I am 

when t ic oc y | ^ph the question of foreign bodies m 

- s *“ •*- 
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The parasternal approach of Kocher gives an admirable exposure of 
both ventricles and the lower part of the auricles and by lifting up 
and rotating the organ its posterior surface can be reached. The 
trans-sternal approach gives a freer exposure of the auricles, espe- 
cially the right. The original plan of Kocher was employed in the 
case here recorded and proved very satisfactory. From my experi- 
ence with this case and the study of dissections made for me by my col- 
league, Mr. A. K. Henry, I feel satisfied that it is efficient. Study of 
the exposure of the dead rigid immobile heart as found in the cadaver 
is illusionary. The living organ is more accommodating for it stands 
forward in a striking way, but the difference in size when the organ 
is in systole is very remarkable, nonetheless, its constant movement is 
embarrassing. As Kocher always insisted, every surgeon ought to be 
prepared to expose the heart in emergency and for most general pur- 
poses the method associated with his name will prove satisfactory. In 
these times it may not be inappropriate to set out the steps of this 
useful operation. These are as follows: 

1. Incision from center of sternum along sixth costal cartilage as 
far as the mammary line. This divides all the soft structures down to 
the cartilages, including the costal attachment of the rectus abdominis. 

2. Separation of the perichondrium and excision of the cartilage, the 
separation to be commenced at the sternal end, the junction with the 
seventh cartilage being divided. This exposes the mammary artery 
and vein a finger’s breadth from the edge of the sternum. These ves- 
sels should be ligatured and divided. 

3. Make a vertical incision through the triangularis sterni muscle 
close to the sternum. 

4. Gently thrust this muscle outward. This will carry the pleura 
out of harm’s way and expose the pericardium which can be opened 
either now or at a later stage. 

6. To secure more room, make a vertical incision up middle of ster- 
num to level of third or even second rib; in a bulky subject make an 
incision along one or other of these cartilages for three or four inches. 

7. Separate the periosteum of the sternum outward until costal 
cartilages ai - e exposed. 

5. Separate the intercostal muscles from the borders of the cartilages 
and gently insinuate finger behind each just by edge of sternum. Divide 
fifth, fourth and third cartilages at their inner ends. 

9. Lift up flap with a view to turning it back to the left. Do this 
slowly and gently push pleura outward as the cartilages are elevated. 

10. Break cartilages at junction with ribs, thus exposing a consider- 
able area of pericardium. 

11. Carefully palpate state of affairs through pericardium. 

12. Open pericardium along edge of sternum and, if necessary, out- 
ward at lower end of exposure. 
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Fig. 10. — Gunshot wound over pericardium. Patient wounded in Time iai*. 
after wound healed and broke down many times. Seen June Tq is ° w i tu 1 SL' { SC e " 
charge from the sinus, the mouth of which was tucked in with everv ‘h 
Excision of two cartilages with removal of foreign body (shown «" .wJff 


in complete recovery* 


m insert) resulted 


is parasternal represented by (a) the original Ivoelier flap method, (b) 
cartilage and rib resection, (c) the intercostal approach where the ribs 
are spread and the pleural cavity opened, (2) the trans-sternal ap- 
proach in which the body of the sternum is vertically divided and the 
halves forced apart; as a modification it has been suggested that the 
body of the sternum may be removed. The method to be employed is 
largely decided by the part of the heart which it is desired to explore. 
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13. To secure further space use rongeur forceps to cut away remains 
of sternal ends of costal cartilages and, if required, part of the sternum. 

These steps are shown in Figs. 11, 12 and 13, slightly modified from 
Koeher’s well-known textbook on Operative Surgery. The great thing 
is to work from below to keep near to the sternal edge and to push the 
structures gently outward. It assists separation of the pleura if some 
local anesthetic is injected into the extraperitoneal tissues. 



The intercostal approach with free opening of the pleural cavity 
exposes the patient to all the risk of pneumothorax without compensat- 
ing advantages. Though the method is rapid, it must be remembered 
that some form of positive pressure anesthesia should be employed. 
In the presence of a pneumothorax with a wound of the lung the 
method is ideal. The fourth costal cartilage and corresponding por- 
tion of the rib are excised and the pleura opened to the extent of the 
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possible exposure by incision of the pericardium to the limit of the 
parietal incision. After exposure by any of these methods the heart 
may be inspected and palpated with ease so far as its anterior sur- 
face and borders are concerned. To steady the heart for more deliber- 
ate palpation or for suture or incision it is usual to put a suture 
into its substance near the apex ; that is, where the muscle is thick and 
the cavity not so near the surface. This suture shoidd be of fine silk 
or No. 1 ehromicized catgut and must take a hold about one-third inch 
deep. By making gentle traction upon it, the heai’t may be steadied, 
but, if it is pulled upon, the stitch may cut out. When it comes to 
locating the foreign body, the utmost gentleness must be used. It is 
fortunate when the foreign body projects somewhat from the cardiac 
wall. The difficulties in locating a foreign body are sufficiently indi- 
cated by the recital of this ease, but other operators have been more 
fortunate and doubtless more skillful. Palpation in certain areas or 
pushing the heart to one side or lifting it forward may cause great 
irregularity in the beats or even cessation. But these phenomena only 
continue while the abnormal stimulus is applied and when that ceases 
the organ usually quickly resumes its normal rhythm or does so in 
response to gentle stroking or very gentle squeezing applied away from 
the inhibiting area. All handling should be done very carefully and 
gently, and, if the heart shows signs of resentment, all manipulation 
must stop for a few moments. When the heart is to be incised, there 
is always the question of hemorrhage and every surgeon seems to have 
prepared for this eventuality by putting in sutures first and cutting 
between them. If profuse bleeding occurs, it may be controlled by plac- 
ing the finger over the point, but great care must be taken not to thrust 
the finger into a softened heart. Entry of blood by the vena cava may 
be controlled by placing the ring and little fingers behind the base of 
the heart and compressing these great vessels between those fingers and 
the middle finger in front, thus leaving the index finger and the thumb 
tree to carry out manipulations on the anterior surface of the organ. 
This maneuver is known as the Sauerbruch grip. It is said that this 
grip may be kept up for as long as ten minutes with safety. It is impor- 
tant to limit any incision into the heart muscle to the smallest propor- 
tions so that it ought to be made directly over the foreign body. It is, 
of course, essential to avoid injury to the coronary arteries and their 
branches not only when making an incision, but also izx placing any 
sutures that may be required to close it. When the foreign body is 
reached, it should be grasped with strong forceps so that by a pi'oeess 
of rotation and manipulation it may be coaxed out of a very small 
wound. The edges of the incision must then be closed by suture. If 
there is profuse bleeding, this may be somewhat controlled by crossing 
the guide sutures firmly over the incision while the stitches are intro- 
duced. The latter may be of fine silk or No. 000 ehromicized catgut. 
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incision. The space is enlarged by using the rib spreader. The peri- 
caidnun is readily seen and can be opened to any required extent At 
the termination ot the intervention the pericardium may be closed by 
sutuie, though it is sometimes recommended that the sac should not 
e completely closed so that drainage can occur via the pleural cavity. 





I have no personal experience with the method of splitting the ster- 
num other than as a cadaver operation. It involves considerably more 

traumatism than the Koclier plan and does not appear to give as good 
tiaumatisi though the right side of the heart is more acces- 
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THE EXCRETION OP SULFANILAMIDE AND SULFAPYRIDINE 
IN HUMAN BILE*i 


Wesley W. Spink, M.D., George S. Bergh, M.D., and 
Jean Jermsta, A.B., Minneapolis, Minn. 

(From the Divisions of Internal Medicine and Surgery of the University Hospital 
and University of Minnesota Medical School) 

AN IMPORTANT therapeutic factor possessed by sulfanilamide and 
sulfapyridine is tlie facility with which these drugs diffuse to all 
tissues and fluids of the body, including the liver and bile. While there 
is available information concerning the excretion of sulfanilamide in 
human bile, studies have not been recorded in the literature relative to 
the biliary excretion of sulfapyridine. Bettman and Spier 1 administered 
sulfanilamide preoperatively to each of eleven patients shortly before a 
cholecystectomy was done. Quantitative determinations of sulfanilamide 
were carried out on specimens of gall bladder bile and venous blood and 
they concluded from their data that the drug was excreted in the bile 
and concentrated in the gall bladder. Hubbard and Anderson 2 made 
the important observation in human subjects that, following the inges- 
tion of sulfanilamide, larger amounts of aeetylated sulfanilamide ap- 
peared in the blood as compared to the concentration in bile draining 
irom a T-tube. Investigations of a similar nature have been made with 
laboratory animals. Studying the excretion of bile sulfanilamide in 
chronic bile fistula dogs, Carrver and Ivy 3 found that, after a single oral 
dose, sulfanilamide appeared in the bile within two hours and the usual 
maximum concentration was reached within four to six hours. They 
stated that the total excretion of sulfanilamide in the bile was relatively 
low. Observations of the same order were made by Manche, Plotuer, and 
Siede , 1 who gave neoprontosil to dogs with bile fistulas. On the basis 
of their experimental studies, they administered the drug to patients 
with infectious of the biliary tract and imported favorable clinical re- 
sults. 

It is apparent that more precise information is desired relative to the 
excretion of the sulfonamide compounds in human bile. The purpose 
of the present study has been to determine simultaneously the concen- 
trations of sulfanilamide or sulfapyridine in the blood and bile under 
various conditions. In the manner to be described, it could be ascer- 
tained how quickly the free and conjugated forms of the compounds ap- 
peared in the bile compared to blood, when the maximum concentrations 

Mlnrulsot' ^ a grant from the Research Fund of the Graduate School. University of 

tSulfapyridine was supplied by the Calco Chemical Co. and acetylsulfnnilamide by 
the Ulnthrop Chemical Co. 
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Should the heart muscle prove very friable a strand of suture passed 
parallel to the incision will act as a support for the approximating 
sutures, just as when used for dealing with the solid viscera. No one 
who has not had the experience can appreciate the embarrassment 
caused by the ceaseless movements of the heart. Even if bleeding does 
not cease at once, it will probably do so in a short time, especially if 
assisted by the pressure of the finger. The pericardium is closed by 
suture, but unless the sac has been distended the edges do not approxi- 
mate very readily. Apposition is best secured by commencing at the 
upper extremity and carrying the suture downward. It is probably a 
help to interrupt the suture at a couple of points. 

When there is any question of infection or of continuous oozing, it 
is probably safer to provide for drainage either by leaving a small tube, 
the edge of which is just within the pericardium, or by leaving the 
lower end of the incision unsutured for one-half inch. Some surgeons 
have had cause to regret that provision for drainage was omitted. 

In the paper by Decker already referred to, he states that the late 
mortality of foreign bodies in the heart is about 20 per cent and that 
the mortality of operations for their removal has been the same. There 
have certainly been many brilliant achievements in this field of surgery, 
but probably many unsuccessful results have escaped publication and it 
is likely that the risks of the operation are rather understated. 

The management of eases of foreign body in the heart in which the 
patients have survived the immediate dangers of their implantation 
must be settled on general surgical principles. Academic considerations 
and a knowledge of the fate of foreign bodies in the tissues generally 
would suggest a more frequent resort to operation than is wise. Nature 
at least should be assisted to exhibit her powers as a healer and the 
patients suffering from cardiac disability after gunshot wounds should 
have many months of rest. If, in spite of a fair chance, cardiac dis- 
ability persists or develops after a period and interferes with useful- 
ness, the aid of surgery may properly be invoked. The difficulties may 
be very great and even during operation a wise restraint may save a 
disaster. As the late Frank Jeans of Liverpool was fond of saying: 
“A living problem is better than a dead certainty.” 
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were reached in these media, and over how long a period of time the 
drugs could be detected in the bile and blood after oral administration 
was discontinued. Another phase of the present study depended upon 
the knowledge that sulfanilamide is acetvlated in the liver. 5 ’ c This is 
likewise probably true for sulfapyridine. Because of this, it appeared 
important to confirm and extend the observations of Hubbard and 
Anderson 2 and to determine whether more of the acetyJated forms of 
both sulfanilamide and sulfapyridine appeared in the bile than in the 
blood. 

METHODS AND MATERIALS 


Essentially two methods of study were used. The first group of 
observations were made upon five patients who had had a cholecys- 
tectomy and eholedochostomy and a T-tube inserted into the common 
bile duet. This permitted a collection of hepatic bile at the bedside. 
Several months after their operations, with the T-tubes still in place, 
these patients were given sulfanilamide or sulfapyridine orally and the 
levels of the absorbed drugs were determined simultaneously in speci- 
mens of bile and blood collected at intervals. An initial dose of 4 Gm. 
was administered and then 1 Gm. every four hours thereafter. It 
should be pointed out that the total amount of the drug excreted in the 
bile could not be determined, since only a part of the bile flow was 
diverted through the T-tube. Fortunately, there was a continuous 
flow of bile through the eholedochostomy tubes of all the patients. The 
method of Marshall and Litchfield 7 was used for ascertaining the levels 
of the free and conjugated forms in the blood, while we employed the 
procedure of Doubilet, as described by Carryer and Ivy, 3 for determin- 
ing the levels in the bile. The bile obtained from two patients was cul- 
tured before any drug had been administered and then again at inter- 
vals, after sulfanilamide and later after sulfapyridine had been given. 

A second method of studying' this problem depended upon the oral 
administration of acetvlated sulfanilamide to seven additional patients 


with T-tubes in the common bile duet. Four grams of acetylsul- 
f anil amide were given and then 1 Gm. every four hours for five doses. 


Simultaneous determinations of the concentration of free sulfanilamide 
and acetylsulfanilamide were made at intervals upon bile and blood. 
In this manner we desired to obtain information concerning the excre- 
tion of preformed acetylsulfanilamide by the liver. Before giving the drug 
to human subjects, it was administered to dogs and observations were 
made relative to the absorption, blood concentration, excretion, and toxic 
manifestations. An aqueous suspension of acetylsulfanilamide was in- 
troduced through a tube into the stomachs of two animals under tasting 

ZM b»T”iv.». & . W* ** »«“• * <*• ““ *"* 
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Table III 


Blood Concentrations of Free and Acetylated Sulfanilamide in Animals 
Receiving Single Dose of Acetylsulfanilasiide 


DOG . 

NO. 

WEIGHT 

(KG.) 

POSE 

(GM.) 

TIME AFTER 

INITIAL DOSE 

MG. OF SULFANILAMIDE PER 
100 C.C. OF BLOOD 

FREE | 

ACETYLATED 

i 

15.4 

s 

00 min. 

Trace 

3.78 

- 



1 hr. 

0.47 

7.53 




2 hr. 

0.5S 

12.42 




3 hr. 

0.90 

17.60 




4 lir. 

0.93 

14.67 

-- 



6 hr. 

0.97 

12.03 




8 hr. 

1.44 

10.S6 




24 hr. 

0.65 

1.17 

2 

20.4 

4 

30 min. 

0.0 

l.S 




1 hr. 

0.0 

2.44 




2 hr. 

0.0 

4.7S 




3 hr. 

0.50 

6.60 




4 hr. 

Trace 

6.60 




5 hr. 

Trace 

7.15 




8 hr. 

0.32 

5.6S 

- — . 



24 hr. 

Trace 

1.15 


tions made in dogs. Tlie results showing tlie blood concentrations of 
sulfanilamide are presented in Table Y. Again, small amounts of free 
sulfanilamide appeared in the blood. The maximum concentration of 
acetylated sulfanilamide in the blood was reached within the first six 
hours after receiving a single dose and declined slowly thereafter. Urine 
" as collected over the first twenty-four-hour period for Subjects H. B. 
a ud B. N. The urine from Patient H. B. contained 2.95 mg. per 100 c.c. 
°f free sulfanilamide and 57.5 mg. of acetylated sulfanilamide. The 


Table IV 


CoxcExi’RA’noxs of Free and Acetylated Sulfanilamide in the Blood and 

URINE OF AN ANIMAL RECEIVING DIVIDED DOSES OF ACETYLSULFANILASIIDE 


DOG 

NO. 

WEIGHT 

(KG.) 

DOSE 

TIME 

AFTER 

INITIAL 

DOSE 

MG. OF SULFANILAMIDE 
PER 100 C.C. URINE 

JIG. OF SULFANILAMIDE 
PER 100 C.C. BLOOD 

FREE 

ACETYLATED 

FREE 

ACETYLATED 


16.3 

S Gm., 

30 rain. 

2.20 

0.5S 

Trace 

1.12 



then 1 

1 hr. 



Trace 

2.47 



every 4 

2 hr. 

3.40 

21.30 

0.33 

2.95 



hr. 

3 hr. 

4.17 

52.73 

0.40 

4.20 




4 hr. 

2.57 

51. S3 

0.38 

S.92 



Total, 13 

6 Ur. 

2.84 

50.46 

0.5S 

12.32 




8 Ur. 



2.6S 

13.92 




12 hr. 



2.55 

IS. 25 




16 hr. 



2.57 

16.33 




20 hr.* 



2.74 

35.16 




24 Ur. 



3.00 

35.44 




28 Ur. 



2.65 

30.25 




32 Ur. 



2.9S 

9.S2 




36 Ur. 



2.14 

7.06 




4S hr. 



1 .38 

3.42 




50 hr. 



1.13 

0.49 




72 hr. 



0.52 

0.84 


A cetyls,]] funi] ami ile discontinued. 
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peared in the bile than in the blood. This was true for both sulfanilamide 
and sulfapyridine. Patient J. B. (Table II) had very high concentra- 
tions of bile sulfapyridine, with relatively small amounts present as the 
conjugated form. This patient had a moderately severe systemic reac- 
tion following the ingestion of the drug. She had chilly sensations, 
severe headache, and marked nausea, but no vomiting. 

Table II 


Concentration of Sulfapyridine in Bile and Blood 


PATIENT 

DOSE 

HOURS 

AFTER 

MG. PER 100 

C.C. IN BILE 

mg. per 100 

C.C. IN BLOOD 

INITIAL 

DOSE 

free 

TOTAL 

1 PERCENTAGE 
‘| ACETYLATED 

| FREE 

1 TOTAL 

PERCENTAGE 

ACETYLATED 

J. B., 55- 
year-old 

4 Gm., 

4* 

5.6 

5.S 

■KHHP 


ifcina 

23.7 

then 1 


38.5 

43.5 

Hf fe Hff 


Kjjw 

14.7 

male 

every 4 

24 

51.3 

51.3 


HH 




hr. 

Total, 5 

4S 

6.4 

7.9 

19.0 

3.8 

6.2 

37.8 

F.W., 49- 

4 Gm., 

4* 

0.0 


0.0 j 

7.3 

ijfvn 


year-old 

then 1 

6 

0.0 


0.0 [ 

9.3 



female 

every 4 

24 

8.5 

9.0 


8.5 




hr. 

Total, 5 

48 

H 

6.5 


2.6 

m- 


J. Bl, 01- 

4 Gm., 

4 

0.0 

0.0 

0.0 

3.1 

4.0 

22.5 

year-old 

then 1 

(i 

5.2 

5.4 

3.7 

4.9 

6.4 

23.4 

male 

every 4 

24* 

EEE9 

24.4 

16.4 

7.6 

10.4 

26.8 


hr. 

Total, 10 

48 

12.0 

12.S 

1.6 

7.4 

1U 

26.7 


•Sulfapyridine discontinued. 


A culture of E. coli was obtained from bile specimens of Patients J. B. 
and F. W. (Tables I and II) before they received any drug. Following 
the administration of sulfanilamide, and later following sulfapyridine, 
this organism was still present in the bile of both patients. It is noted 
that Patient J. B. had a level of 51.3 mg. of sulfapyridine per 100 c.c. of 
bile. 

When a single, large dose of acetylsulfauilamide was administered 
orally to dogs, an appreciable concentration of this form of sul- 
fanilamide was attained in the blood (Table III). It is of interest that 
small amounts of free sulfanilamide appeared in the blood, indicating 
some degree of hydrolysis of acetylsulfanilamide in the animals’ bodies. 
Table IY shows a larger number of observations made upon a third 
animal receiving divided doses of acetylsulfauilamide. No toxic mani- 
festations were “apparent in any of the dogs. The acetylated form of 
sulfanilamide was readily recovered from the urine and also free sul- 
fanilamide in smaller quantities. These observations in dogs are m 
“ Tent with the previous studies of Marshall and his associates* and 

w !th those Of °f t L a n 1S administered orally to three human 

in onto to «0»P»« eff “ tS ° f <1, '" gS 
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Table V 

Concentrations op Ff-fe a^ Acetylated Sulfanilamide in Human Subjects 
Receiving Acetylsulfanilamide 


human 

subject 


W. D., 17-year 
old male 


H. B., Hi-year- 
old male 


TIME AFTER 
INITIAL DOSE 


MG. OF FREE 
SULFANILAMIDE 
PER 100 C.C. OF 
BLOOD 


MG. OF 

acetylated 

SULFANILAMIDE 
PER 100 C.C. OF 
BLOOD 


5.0 

4.95 

4.72 



total amount of sulfanilamide recovered in this period was 1.03 Gm. 
A twenty-four-hour collection of Patient B. N. had 4.65 mg-, per 100 e.e. 
of free sulfanilamide and 83 mg. of the acetylated form with a total re- 
covery of .1.92 Gm. These observations confirm those of Ockerblad and 
Carlson. 9 All three individuals tolerated the drug well. Patient B. N. 
(Table Y) complained of a headache several hours after receiving the 
drug. None showed any evidence of cyanosis, and methemoglobin was 
not detected spectroscopically in blood samples. 


Having established to our own satisfaction that acetylsulfanilamide 
could be safely administered to human subjects, the compound was given 
orally to seven individuals having T-tubes in the common duct. They 
were given a total of 20 Gm. in twenty hours. None of the patients 
had any appreciable manifestations of toxicity. At another period, these 
same subjects had received equivalent doses of sulfanilamide and the 
amounts of free and acetylated sulfanilamide quantitated in the bile and 
blood Comparative results, showing the concentrations of free and 
ncetvlated sulfanilamide in the bile and blood when sulfanilamide had 
, 7 n( q m ; n i s tered and also the results after acetylsulfanilamide had 

k een . shown in Table YI. Attention is called to the fact that, 

foUoSVe 1 exhibition of sulfanilamide, only small quantities of the 
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cholangitis and one ease of jaundice with neoprontosil. They did not 
present the results of this therapy hut stated that the drug did not 
cause any evidence of hepatic damage. Cleveland 14 administered 
neoprontosil and sulfanilamide to a patient with severe cholangitis, 
marked liver damage, and jaundice and ascribed recovery of the patient 
to chemotherapy. Only a few instances are recorded where the sul- 
fonamides have been used in the treatment of patients with biliary 
typhoid and paratyphoid infections. Bazin 3 ’ had a patient from whom 
paratyphoid B bacilli were consistently isolated from the bile and feces. 
He was successful in eradicating the infection with sulfanilamide. On 
the other hand, Lembcke 10 failed in an attempt to treat a typhoid 
carrier after apparently adequate doses of sulfanilamide had been used. 

Although sulfanilamide and its derivatives may prove useful in the 
treatment of certain suppurative conditions of the biliary tract, these 
drugs must be administered cautiously to patients with liver injury. 1 ' 
Watson and Spink 33 have observed that a majority of patients receiving 
the usual therapeutic doses of sulfanilamide had a resultant temporary 
hepatic dysfunction. They noted that, when the drug was given to 
patients who had evidence of liver damage before therapy was started, 
there was an increase in the degree of liver dysfunction coincident with 
the administration of the drug. 

Finally, the colon bacillus is one of the most commonly found micro- 
organisms in suppurative conditions of the biliary tract. In the present 
study, it was observed that this organism persisted in the bile of two 
patients even after high concentrations of sulfanilamide and sulfa- 
Pyridine had been maintained for several days. There are some strains 
°f this organism that are notoriously resistant to the action of sul- 
fanilamide. Therefore, in treating patients who have infections of the 
biliary tract and hepatic injury with sulfanilamide or its related com- 
pounds, one may be faced with the likelihood of failing to affect the 
infection and at the same time producing further hepatic damage. 

SUMMARY 

1- Sulfanilamide and sulfapyridine were administered to patients 
several months after performance of a cholecystectomy and choledo- 
chostomy, accompanied by T-tube drainage of the common bile duct. 
I his procedure permitted the collection of bile specimens. 

“• Appreciable concentrations of sulfanilamide and sulfapyridine 
"ere attained in hepatic bile when compared to the blood levels. 

3. Lower levels of the conjugated forms were present in the bile than 
in the blood. 

A Administration of aeetylsulfanilamide to human subjects resulted 
in lower concentrations of this compound in hepatic bile than in blood. 

5. Tlie use of the sulfonamide compounds in the treatment of infec- 
tions of the biliary tract is discussed. 
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conjugated form of sulfanilamide appeared in the bile as compared to 
the blood. On the other hand, when acetylsulfanilamide was adminis- 
tered, higher concentrations of this form were present in the bile, but in 
no instance did it reach the levels present in the blood. It is also ap- 
parent that part of the acetylsulfanilamide was. hydrolyzed in the body 
since free sulfanilamide was detected in the blood and bile after aeetyl- 
sulfanilamide had been administered. 


DISCUSSION 


It may be concluded from the foregoing data that appreciable concen- 
trations of sulfanilamide and sulfapyridine may be obtained in human 
bile when therapeutic doses are administered orally. Although the num- 
ber of observations made is small, it is of interest to note the high con- 
centrations of sulfapyridine found in the bile of two individuals as 
compared to the blood, and yet a higher percentage of the conjugated 
form was present in blood samples. Marshall and Litchfield 10 have 
pointed out that, following the administration of sulfapyridine to dogs, 
higher concentrations of the drug were found in the liver than in the 
blood. This was not true for sulfanilamide. Since Stewart and his 
associates 11 observed that over 90 per cent of ingested sulfanilamide may 
be recovered in the urine ; since it has also been found that the kidneys 
are the main excretory channel for absorbed sulfapyridine, 1 ' 1 it is not 
unlikely that, after the compounds are excreted in tlie bile, they are 
reabsorbed to a considerable extent from the intestinal tract. 

This study has brought forth further information concerning the 
excretion of these compounds. It is now generally agreed that at least 
partial acetylation of sulfanilamide and sulfapjmidine takes place in 
the liver. The present observations reveal that lower concentrations 


of the conjugated products are found in the bile than in the blood, even 
when pre-formed acetvlated sulfanilamide is brought to the liver. It 
would appear that acetylation is a protective phenomenon whereby the 
organism attempts to convert a toxic substance into one which, though 
not less toxic, is more readily eliminated through the kidneys. Con- 
jugated sulfanilamide and sulfapyridine are cleared more rapidly 
through the kidneys than the free forms. 11 ’ 12 

Since appreciable levels of sulfonamide compounds may be obtained 
in the bile when administered orally or parenterallv, it would be antiei- 
nated that the drugs would be of value in the treatment of infections of 
the biliary tract. A few clinical reports bear this out and in a few 
instances we have noted striking improvement following the administra- 
.. f su ifapyridine. Manche, Plotner, and Siede* successfully utilized 
Irontosil and neoprontosil in the treatment of patients with cholangitis, 
P 10U , l.pmtitis Some of their patients were jaundiced bc- 

choleeysti is, a ‘ Herrell and Brown 52 treated two cases of 

fore therapy was instituted. 



THE VALUE OP THE LOCAL IMPLANTATION OP 
CRYSTALLINE SULFANILAMIDE ABOUT GASTROINTESTINAL 
ANASTOMOSES IN DOGS* 

A Valuable Adjunct in the Prevention of Peritonitis 


Richard L. Varco, M.D., Lyle J. Hay, M.D., and 
Beatrice Stevens, B.S,, Minneapolis, Minn. 

(From the Department of Surgery, University of Minnesota Medical School ) 


COR THE PAST two years studies have been in progress upon the 
physiology of gastric secretion at the Experimental Laboratory, De- 
partment of Surgery, University of Minnesota. During the process of 
these investigations more than 250 operations were performed upon the 
gastrointestinal tract of the dog. Despite the development of a method 1 
of closed gastrojejunal anastomosis, which in the clinic was accompanied 
by a mortality of less than 2 per cent for gastric resections for ulcer 
and less than 10 per cent for gastric resections for carcinoma, the 
procedure on the dog was by no means so successful. The mortality in 
the dog, accompanying complicated gastrojejunal anastomosis, was sur- 
prising in the light of the relatively low mortality after gastrojejunal 
anastomosis employing the closed technique in man. 

On looking into the literature, it was observed ' that Martzloff and 
his associates 2 found that leakage was present in 7 to 10 per cent of the 
end-to-end small bowel anastomosis made with silk in the dog, using their 
modification of a dosed technique. Similarly executed procedures 
utilizing a running catgut stitch developed leakage in 25 per cent of the 
eases. In the Mann-Williamson operation, known as “duodenal drain- 
age’’ the duodenum, severed from the pylorus and jejunum hut receiving 
all biliary and pancreatic secretions, is anastomosed to the lower small 
intestine and continuity of the intestine is re-established by gastro- 
jejunostomy. Markowitz 3 states that performance of this operation in 
dogs with a mortality of 20 per cent indicates a mastery of the technique 
of intestinal anastomosis. Such a figure is hardly acceptable for e\ en 
the more complicated intestinal procedures in man. 

Intestinal surgery is more difficult in the dog because the lumen is 
smaller and the gut wall thicker and more friable. Too, attempts at 
avoiding leakage by broad approximation of a cuii about an anastomosis 
readily leads to stenosis or obliteration of the lumen by the diaphragm 
produced. In our experience, we have found that the importance of all 
of these factors is pyramided by the relatively decreased resistance of 
dogs to peritoneal insults. 


•The researches presented herewith were supported b> a grant for technical assist 
ance by the Work Projects Administration, Official Project No. GGo-* 1-3-69, Sub- 1 xojcct 
Xo. 25$. 
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during an anastomotic procedure. Operations were executed with surgi- 
cal asepsis under ether anesthesia. The skin was shaved, cleansed with 
soap and water, and prepared with Novak’s solution. 8 The operator and 
assistants wore caps, masks, sterile gowns, and rubber gloves. Inter- 
rupted fine silk sutures* were employed almost exclusively in construc- 
tion of a closed type of anastomosis made according to the Wangensteen 0 
technique. After completion of the operation suture lines were carefully 
inspected, and just prior to closure of the abdominal wall and peri- 
toneum, crystalline sulfanilamide was dusted liberally about the 
anastomosis, the total amount not exceeding 5 Gm. Adequate parenteral 
fluids of normal saline solution were administered for the following 
three days. Liquids were allowed first sparingly after this period, and 
solid foods were added to the diet on the eighth postoperative day. 

RESULTS 

The results following adoption of this plan have been summarized in 
Table I. 

There were two deaths from pneumonia on the first and seventeenth 
postoperative days and one from gastroenteritis on the fourteenth day 
m this series. At post-mortem in each instance an unusually heavy 
deposit of fibrin firmly sealed the serosal surfaces at every suture line. 
Elsewhere the peritoneum was smooth and glistening. With a mechan- 
ism for inhibiting bacterial growth locally, normal post-operative healing 
promptly took place. The rapidity of this process was strikingly ap- 
parent in the dog dying during the first twenty-four hours from a 
regurgitation pneumonia. In animals dying at this interval of gen- 
eralized peritonitis, there is little fibrin sealing the anastomotic sites 
mid the stitch holes themselves leak contamination. 

Markowitz, 4 quoting Saint, suggests that end-to-end anastomosis of 
the esophagus is difficult and often meets with failure because of the 
Poor blood supply, the constant movement to which it is subjected, the 
encroachment on mediastinal structures and danger of infections spread- 
mg into fascial planes, and absence of serosa or a greater omentum 
with which to seal anastomotic lines. In the hands of an experienced 
operator, employing a specialized technique and with preliminary 
phrenicotomv, the mortality is said to approximate 20 per cent.'' Rea 10 
and Dragstedt and Mullenix” noted a high incidence of fatal medi- 
astinitis after single-stage esophagostomv. On a similar basis clinical 
experience favors the two-stage procedure tor esophageal diverticula. 
This operation, therefore, seemed to offer a very fundamental test of 
die ability of the drug to allow a fibrin seal to develop about anasto- 
motic lines, despite bacterial contamination. Three end-to-end anasto- 
moses were made at the level of the cervical esophagus and two anasto- 
moses c ompleted at the end of the esophagus to the duodenum without 

Champion No. 1 silk sutures are threaded on Anchor brand, stainless 
n>uud-po/nt No. i eye needles. 
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3\o comprehensive bacteriologic investigations have been made of 
cultures obtained from mucosal surfaces about either the dosed, aseptic 
type or open anastomoses. The regular diet fed our animals remained 
in their stomachs often for prolonged periods so that occasionally, despite 
precautionary measures, an alimentary residue with its bacterial con- 
tent augmented contamination at the operative site. 

Frequently dogs would succumb to a generalized peritonitis thirty -six 
to foity-eight hours after establishment of an anastomosis which seemed 
quite satisfactory from every point of view at completion of the opera- 
tion. This experience was discouraging, to saj r the least. A careful 
study of peritonitis leads one not into its treatment but toward its 
prevention. Fortunately, in the majority of the cases of peritonitis 
following gastrointestinal surgery, there is an interval between the onset 
and an irreversible stage. This period varies with different circum- 
stances; i.e., the amount of contamination and duration of its activity, 
virulence of the bacterial organisms, resistance of the host, and other 
less well-known factors. Consistently successful operations required 
interruption of this cycle hy thwarting such potential infection. Chemo- 
therapy appeared to offer this means. Garloelc and Seeley 0 had pointed 
out the value of giving 0.8 per cent sulfanilamide as an isotonic solution 
subcutaneously in the prophylaxis of peritonitis after colonic surgery. 
Every eight hours 500 c.c. of 0.S per cent sulfanilamide solution was 
given subcutaneously to four dogs upon which a type of duodenal 
drainage operation had been performed. Three of these animals died 
of generalized peritonitis. This method of administering the sulfa- 
nilamide apparently gave the animals but slight protection. Having in 
mind the nice results obtained by Jensen and his associates 7 with the local 
implantation of crystalline sulfanilamide in compound fractures, it 
was, therefore, proposed to place the drug about the suture lines at 
the time of operation. This represented the sole modification of our 
former technique. Results were even better than had been anticipated, 
for a series of thirty-seven operations were performed without a death 
from peritonitis. The experience gained with local implantation of 
sulfanilamide about the suture lines in gastrointestinal anastomoses of 
varying complexity constitutes the subject of this paper. 


METHOD -AND MATERIALS 

Young adult mongrel dogs weighing between 15 and 25 kg. were 
secured "and fed well for several days prior to operation. All animals 
were prepared during the twenty-four-hour period before ^ugeiy One 
A J raw hamburger or horse meat and water were allowed the 
pound o oneration but all other food was withheld from the 

night befor 1 ’ rov ided a collapsed stomach and upper m- 

diet. This P an ^ ^rtiallv digested material, thereby lessening the 
testinal tract free P A 0 f contaminated intestinal contents 
danger from accidental spiiia a e 
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a failure or death. All of these "were performed with the clamp or 
closed method and crystalline sulfanilamide was deposited about the 
suture line. 

In three animals there was a single-stage interposition of the ileo- 
cecal valve between the pylorus and duodenum to reduce regurgitation 
of alkaline intestinal juices after the manner of Dragstedt’s mechan- 
ical valve. This operation entails a gastroileostomy, coloduodenostomy, 
and ileocolostomy. One death occurred in this group on the seven- 
teenth postoperative day from pneumonia. At autopsy the peritoneal 
surfaces were smooth and glistening, and all suture lines were sealed 
by an organized deposit of fibrin. 


DETERMINATION OF SULFANILAMIDE BLOOD LEVELS 

Blood levels, employing the method of Bratten and Marshall , 13 for 
sulfanilamide implanted intraperitoneally or injected subcutaneously 
m isotonic solution, were determined in a group of control dogs not in 
the operated series of Table I. Samples were obtained in duplicate 
each fifteen minutes for the first horn' and hourly for twenty-four to 
thirty-six horns thereafter. 



The values obtained for blood sulfanilamide following the local im- 
plantation of the crystalline form of the drug intra-abdominally are 
ower than those obtained following the subcutaneous administration of 
a sim ilar amount in an isotonic solution. A reasonable explanation by 
atialogy for the failure of sulfanilamide in solution to protect against 
Peritonitis is noted in the experiments of Jensen and his co-workers. 
They pointed out that sulfanilamide placed other than at the site of 
experimentally produced compound fractures was unable to prevent lo- 
cal infection at the fracture site.* Blood levels for sulfanilamide appear 
to be less important for the production of local bac-teriostasis than the 
ytual concentration of the drug at the site of contamination. In the 


i cent '• Vork of Haivkl os" supports this viewpoint. Local application of 
druc, i„ " as found to be significantly superior to systemic treatment with these 
n Protecting against Clostridium welchii and Cl. septiquc. 
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Cyanosis and jaundice were rare. Unlike man, the dog fails to acetylate 
sulfanilamide circulating in its blood stream so that values for free and 
total sulfanilamide check closely, and, therefore, the amount available 
from a single dose may be even 20 per cent more than man would 
utilize from the same amount of the drug. In addition, recalling the 
great disparity of weight between man and dog, the canine tolerance 
appears even more manifest. In man acetylation is a detoxification 
process, a probable further indication of a decreased tolerance as con- 
trasted with dogs. 

Clinieal application of this work has been cautiously expanded since 
so little is known of man ’s ability to assimilate safely the sulfanilamide 
so rapidly absorbed following its implantation intra-abdominally in the 
crystalline form. In this respect, Watson and Spink 13 have pointed 
out that mild liver damage secondary’ to toxic drainage from intra- 
pentoneal sepsis via the portal circulation can be converted into out- 
spoken hepatic dysfunction characterized by urobilinogenuria, elevation 
of serum bilirubin, and jaundice by the administration of therapeutic 
doses of sulfanilamide.® 

In instances of operation for colonic resection with primary anasto- 
mosis at the University’ of Minnesota Hospitals, usually 2 or 3 Gm. of 
sulfanilamide! are implanted about the suture lines, and an additional 
1 Qm. is distributed over the wound edges of the abdominal wall above 
the peritoneum during closure. The use of sulfanilamide has been 
limited in gastric resections to those eases with perforation onto an 
adjacent viscus; i.e., a pancreas into which a contaminated site must 
opened. 


The efficacy’ of implanting crystalline sulfanilamide about colonic 
anastomosis in man on the indications stated above has been difficult to 
ablate. The adoption of the closed method of anastomosis has made 
•(section with primary anastomosis, wherever feasible, the method of 
c *°’ ce 111 surgery’ of the colon. Large, fixed lesions have been removed 
under trying circumstances and anastomosis made with surprisingly 
ov > operative risk. The risk of primary colon resections from the Urti- 
\ei.siiy Hospital experience would appear to be about 5 per cent. If 
■ s u fanilamide could be embedded in a vehicle which would permit 
gradual liberation of the drug over a prolonged period, the bacterio- 
static effect of local implantation would be enhanced greatly. Whether 
® local implantation of sulfanilamide will make such anastomosis even 
sater remains to be determined. Mindful of the great protective value 
0 bie method in the dog in preventing the lysis of fibrin and in en- 
couraging early agglutination of the approximated serosal surfaces, it 


a now rn progress on a method of combining the sulfanilamide with 

a bsorDtinn ‘tJt 3 5,° m aintam a prolonged local action and to produce a delayed rate or 
tSulf « .. ° the circulation. 

a ” u 2ole has be*;n used more often recently. 
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case of local implantation this value probably approximates the solu- 
bility of the drug in tissue fluid ( circa 0.8 per cent), or fifty times the 
ordinary blood level. It was noted during the process of these deter- 
minations that dogs tolerate well relatively high blood levels of sul- 
fanilamide and exhibit few of the symptoms manifested clinically. 
Apathy and anorexia did occur with large doses given by mouth. 




PERITONEAL VACCINATION, IRRIGATION, AND 
CHEMOTHERAPY IN THE TREATMENT OF EXPERIMENTAL 

PERITONITIS 


Erwin R. Schjudt, M.D., Anthony R. Curreri, M.D., 
Frederick G. Hidde, M.D., and Eugene P. Adashek, M.D., 
Madison, Wis.® 

( From the Department of Surgery , University of Wisconsin Medical Sehoolt J 

TN THE PAST inueli of the experimental and clinical work of peri- 
* tonitis has been concerned with its prevention during accompanying 
gastrointestinal disease and gastrointestinal surgery or with the treat- 
ment of altered physiologic functions that arise during the disease. The 
epochal contributions toward a better understanding of distention, 
shock, and fluid requirements of this disease have done much to reduce 
the mortality. Nevertheless, therapeutic measures combating the etio- 
logical bacteria of this disease should always receive first consideration. 

Bacterial peritonitis is usually due to perforation secondary to other 
disease of the gastrointestinal tract. The resulting bacterial flora is 
accordingly diverse. Altemeier 1 in an extensive review and from per- 
sonal observations and similarly Bowers and associates 2 and Meleney 
and co-workers 3 have emphasized this diverse bacterial flora. Altemeier 
also concluded from his studies that it was impossible to predict the 
course of appendical peritonitis from the kind of bacteria isolated in 
any one case, but that those patients with only a single bacterial type 
°f culture usually survive the disease. 

Bacteriologie studies were done at the time of death on the peritoneal 
exudates of 15 dogs by means of direct smears and aerobic and anaerobic 
cultures, with complete identification of the organisms. In 4 dogs with 
cecal perforation, direct smears showed gram-negative bacilli, strep- 
tococci, gram-positive spore formers, and very few diphtheroids. Aerobic 
cultures showed Bacillus coli and Streptococcus viridans (enterococcus). 
Anaerobic cultures showed the above organisms plus B. welchii. 

In the 11 dogs with ileal perforation, gram stain showed numerous 
small gram-negative bacilli, many gram-positive spore formers, strep- 
tococci and occasional gram-positive diplococci. Aerobic cultures showed 
m aU instances B. coli and Str. viridans. In 3 of the 11 cases cultures 
a iso showed Staphylococcus albus, B. proteas, B. aerogenes, and a gram- 
negative motile bacillus of the Salmonella group. Occasionally diph- 
theroids and mucoid variants of B. coli communis were cultured. An- 
cultures showed B. welchii plus the above organisms. 

or H^ene Ol0SiCaI ' vork done by Dr - Edward Birge. of the Wisconsin State Laboratory 

'Aided in part by a grant from the -Wisconsin Alumni Research Foundation, 
weived for publication. Sept 12. 1940. 
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is reasonable to believe that local implantation of crystalline sulfanila- 
mide or allied chemotherapeutic agents may prove a worth-while adjunct 
to the closed anastomosis in man. 

Experimentally the local implantation of crystalline sulfanilamide 
about gastrointestinal suture lines in dogs appears to promote healing 
by inducing local bacteriostasis and inhibition of fibrinolysis. This 
mechanism is an aid in preventing peritonitis. Clinical evaluation of 
its worth requires additional trial. 
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suspension of formalized colon bacilli in gum tragacanth and aleuronat. 
This agent increases the local peritoneal resistance and its action is 
nonspecific, for the protection is not limited solely to B. coli, but it also 
affords protection against other bacilli. Other agents have been used 
but apparently this colon bacillus suspension is the most effective one. 8 

In 6 dogs 7.5 to 20 c.c. of coli baetragen, depending on the size of 
the dog (1 to 1.5 c.c. per kilogram), was injected intraperitoneally prior 
to opening the distal ileum. Six dogs were used, of which 2 were 
injected twenty-four hours, 2 forty -eight hours, and 2 seventy-two hours 
before the operation. All dogs lived. Laparotomy a month later showed 
many fibrous peritoneal adhesions and a sear at the site of the ileal 
opening 0.5 to 0.75 em. in length. 

In further work coli baetragen was injected intraperitoneally in 6 
dogs six hours before opening the ileum. Two of these dogs died and 
necropsy revealed a generalized peritonitis with many adhesions and a 
partial closure of the ileal opening. The surviving dogs on exploratory 
laparotomy three months postopcrativcly showed numerous fibrous peri- 
toneal adhesions and a sear at the site of the ileal opening. 

In 3 dogs coli baetragen was injected at the time the ileum was opened 
and all dogs died within forty-eight hours. Antopsy revealed a sanguin- 
eous exudate, a few fine adhesions, but no attempt at closure of ileal 
opening. 

Coli baetragen was then given intraperitoneally to 5 dogs, 1 of which 
was injected simultaneously with one billion B. coli in 2 per cent gum 
tragacanth per kilogram of body weight; 2 were injected with B. coli 
in twenty-four hours and 2 forty-eight hours after the administration 
of Coli baetragen. The first dog died and all the others survived. At 
autopsy a large amount of serosanguineous exudate was present in the 
peritoneal cavity and there were only a few adhesions. Exploratory 
laparotomy on the other dogs showed no adhesions and peritoneal sur- 
faces were smootli and glistening. 

Peritoneal irrigation in the treatment or prophylaxis of peritonitis 
is one of the older therapeutic procedures. French and German sur- 
geons often wash out the peritoneal cavity with liberal amounts of water 
or saline solution before closure of eaeh laparotomy as a prophylactic 
measure and also use this as a therapeutic procedure. Taue and Trze- 
bieky 9 employed antiseptic solutions as peritoneal imgants and noted 
some improvement over controls. One of the most recent reports, that 
of Behan,’ 0 speaks favorably of alcohol peritoneal lavage at time of 
surgery in the presence of peritonitis. In our work saline sodium 
ricinoleate (soriein) and zephiran* were used. In 2 dogs immediately 
following ileal perforation 10,000 c.c. of normal saline solution as a 
continuous peritoneal irrigation was used and both dogs died. At 
autopsy no adhesions were found and peritoneal fluid was markedly 
hemorrhagic. 

-vallabte tl.ro., *1, the courtly of Alto Pharmaceutic*! Company. 
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These studies would tend to demonstrate that the same flora of or- 
ganisms exists- in the peritoneal eavity as is normally present in the 
lower ileum and cecum. Of interest was the observation that there 
was a marked paucity of organisms in the smears made from exudates 
of cecal perforation as compared to those made from exudates of ileal 
perforation. 

In our experimental work we hoped first to determine the effectiveness 
of peritoneal vaccination toward subsequent peritonitis, and second to 
determine the therapeutic efficacy of peritoneal irrigations and chemo- 
therapy in peritonitis. All this work was done upon dogs weighing 
more than 7.5 kg. No dog had any previous abdominal surgery and 
all operative procedures were done under open-drop ether anesthesia 
with morphine sulfate 1*4 to 2 gr. two hours before operation. 

In order to obtain a control series, we first attempted the production 
of perforating lesions in the cecal pouch of dogs. In 6 dogs the arterial 
supply to the cecal area was ligated and 3 dogs died. In 5 dogs, in 
addition to the arterial ligation, the corresponding cecum was crushed 
with hemostats for ten to thirteen minutes. Two of these dogs died. 
In 5 dogs a 1 cm. opening was made into the cecum and only 1 of these 
dogs died. It is seen that none of these procedures carried a mortality 
of over 50 per cent. 

In an endeavor to increase this mortality, virulent B. coli (750 million 
per kilogram), obtained from a fatal case of peritonitis in a dog, were 
given intraperitoneally in saline solution to 3 dogs, and all lived; and 
in a 2 per per gum tragacanth suspension to 4 dogs and again all lived. 
One billion B. coli (No. 300 from Dr. B. Steinberg) (per kilogram) 
suspended in gum tragacanth given intraperitoneally in 6 dogs pro- 


duced death in all cases in thirty-six hours. 

To obtain a more diverse bacterial flora in peritonitis, we followed 
the methods of Okada 4 and of Bergh, Bowers, and Wangensteen 2 and 


made a 1 cm. opening in the ileum 8 cm. from the ileocecal junction. 
Of 15 dogs, 14 died, a mortality of 93.33 per cent. Ten dogs died of 
generalized peritonitis within forty-eight hours, and autopsy demon- 
strated the presence of a serosanguineous exudate and no adhesions. 
Three dogs died between seventy-two and ninety-six hours after sur- 
gery, and necropsy revealed numerous adhesions and occasional small 
abscesses. One dog survived three weeks and died after the apparent 
intraDeritoneal rupture of a large abscess. The surviving dog on later 
exploration demonstrated a complete closure of the ileal perforation 
by adhesions to adjacent loops of bowel and omentum. This group ot 
aVioon doo-s served as our main control series. 

6 Peritoneal vaccination, a prophylactic procedure against peritonitis 
iS""on,y used antigen is eoii Lae, rage, a 

w „ through the courtesy of Dr. B. Steinberg. 

•Made available througn 
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third postoperative day and no peritoneal exudate was found. The 
serosa was smooth, injected, and the ileal opening was covered by 
omentum. 

Neoprontosil was then given to 4 dogs, with the first injection given 
four hours after the operation. One dog died, a mortality of 25 per 
cent. Autopsy revealed extensive fibrinous adhesions and very little 
exudate. Subsequent exploratory laparotomy on the 8 living dogs re- 
vealed minimal fibrous adhesions in 1 and dense adhesions in 2. On 
the third day blood samples from the dogs that survived showed only a 
trace of neoprontosil during the period of treatment. 

In 6 dogs neoprontosil was begun eight hours after the ileum was 
opened and 50 per cent of this group died. Post-mortem findings were 
the same as in the immediately preceding fatal group. One of the sur- 
viving dogs was sacrificed on the fourth day and only a trace of neo- 
prontosil was found in 10 e.c. of viscid purulent peritoneal fluid. The 
ileal opening was closed and there were extensive peritoneal adhesions. 
Blood samples in the surviving dogs again showed only a trace of neo- 
prontosil. 

Five dogs were then given the initial dose of neoprontosil sixteen hours 
after the operation. Three dogs died within thirty-six hours. Autopsy 
revealed a large amount of sanguineous fluid and few fibrinous adhe- 
sions. Two dogs died seventy-two hours postoperatively and autopsy 
showed very little exudate but numerous adhesions. 

Three dogs were treated solely by inserting 3 to 5 8m. of sulfanilamide 
powder into the peritoneal cavity at the time the ileum w r as perforated. 
Two of these dogs died, a mortality of 66.66 per cent. Death occurred 
seventy-two hours postoperatively and autopsy showed many adhesions 
and a moderate amount of pus. 

A solution of 0.5 per cent sulfanilamide was introduced intraperi- 
toneally in 4 dogs at the time the ileum was perforated. Two of the 
dogs were given 250 c.c. of the solution; the remaining 2, 500 e.c. All 
dogs died within forty-eight hours and showed at autopsy a large 
amount of sanguineous peritoneal fluid and few adhesions. 

Promine* was the last chemotherapeutic agent tried. A 1 cm. open- 
ing was made in the ileum in 8 dogs and 1 Gm. promine injected intra- 
venously at the conclusion of the operation. The subsequent injections 
of 1 Gm. promine were given intramuscularly as follows: t.i.d. the 
same day, t.i.d. the second to fourth days, and b.i.d. the fifth and sixth 
days. Of this group, 75 per cent survived. Necropsy findings on the 
2 fatalities showed partial closure of the ileal opening, 50 c.c. and 200 
c.c. of pus, and marked adhesions. Exploratory laparotomy on the sur- 
viving dogs revealed minimal adhesions in 2, moderate adhesions in 1, 
and marked adhesions in 3. 

•Experimental material made available through the courtesy of Parke-Davl« 
flotuMny. 13 
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. In 4 dogs zephiran (alkyl-dimethyl-benzol ammonium chloride) irriga- 
tions were employed. In 2 dogs immediately following ileal perforation 
5 liters of a I :I0,000 solution were used and both dogs died within 
thirty hours. Two other dogs were irrigated with a 1 .-20,000 solution 
with similar results. Autopsy findings were the same as with saline 
irrigations. In 4 dogs 20 c.c. of 1 per cent sodium ricinoleate solution 
( soi icin' ) as a sclerosing solution was placed into the peritoneal cavity 
aftei ileal perforations. All dogs died within seventy-two hours. At 
necropsy some adhesions were present, but the ileal perforations were 
not closed. 


Neoprontosil was chosen as a chemotherapeutic agent in most of our 
work because of its ease of administration. Bowers, Burns, and Mengle 11 
reported beneficial effects with prontosil in spreading peritonitis in 
dogs; and Cooper, Gross, and Lewis 12 felt that sulfanilamide was of 
value in B. coli and B. proteus peritonitis in mice, but the} 7 noted no 
effect with B. pijocyaneus peritoneal infections. As a prophylactic meas- 
ure Garloek and Seeley 13 in a preliminary report felt that it decreased 
their incidence of peritonitis following intestinal resections and they 
were impressed by the smooth uncomplicated convalescence of their 
patients. 


Neoprontosil was given to 16 dogs immediately after the ileum was 
opened. Therapy consisted of intramuscular injection of 7.5 c.c. q.i.d. 
the first day, 7.5 c.c. t.i.d. the second to fourth days, and 7.5 c.c. b.i.d. 
on the fifth and sixth days. Four dogs died, a mortality of 25 per cent. 
Autopsy upon these revealed definite attempts at closure of the perfora- 
tion in all cases. Only a small amount of peritoneal fluid was present. 
Exploratory laparotomy upon the 12 surviving dogs five to seven weeks 
postoperatively revealed a minimal number of fine adhesions in 4 dogs, 
a moderate number in 3 dogs, and dense adhesions in 5 dogs. In 3 of the 
12 living dogs blood samples on the third day showed only a trace of 


the drug. 

In addition, blood sulfanilamide determinations were carried out on 
5 more dogs. These dogs received the same dosage of sulfanilamide as 
did those in the preceding experiment. Two dogs were used as con- 
trols and 3 had openings made in the ileum. Blood specimens were 
taken one hour and three hours after the second injection each day 
and in every case only a trace of sulfanilamide was found. The peri- 
toneal exudate obtained from one of the dogs with ileal perforation on 
the first postoperative day showed l.S mg. per cent sulfanilamide. A 
second dog with ileal perforation was sacrificed on the second post- 
. i v ant l the peritoneal exudate showed a tiace of . 

SSS te « dog With M P— i«. - « 

Tjlaterial made available tbrou S h tbe — or Me.m, Company 
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DISCUSSION 

In our work we were able in a small group of dogs to confirm tli 
work of Schmidt and Taylor” and Bergh, Bowers, and Wangensteen 
that it is practically impossible to obtain a mortality of over 50 per cent 
in peritonitis induced by perforation or gangrene of the cecum. How- 
ever, perforation of the distal ileum as reported by the latter workers 
produced a 100 per cent mortality, and our experience closely ap- 
proached this with 93.33 per cent fatality. This method brings about 
a peritonitis with a diverse bacterial flora such as is seen in human 
beings following gastrointestinal perforation. The high mortality rate 
provides a basis for the estimation of therapeutic or prophylactic pro- 
cedures. 

Peritoneal vaccination (with eoli baetragen) in dogs prior to the 
operative production of ileal perforation protects against subsequent 
peritonitis. Apparently it should be given twenty-four to seventy-two 
hours before the operative procedure. This protection agrees with the 
result of other workers . 15 ' 1C ' 17 The vaccine produces a sterile peritoneal 
exudate rich in phagocytes which combats an infection in its early stages 
and subjugates it before an overwhelming bacterial growth occurs. 
Local tissue changes, such as edema and congestion, also prevent marked 
bacterial tissue invasion. The inflammatory defensive mechanism is a 
stage ahead of the bacterial offense following vaccination. 

It appears that peritoneal irrigations have no value either mechan- 
ically or chemically in the treatment or prevention of peritonitis. The 
peritoneal washings do not reach all surfaces and remove protective 
agents in the exudate as well as any bacteria or their toxins. Tiio.se 
bacteria or bacterial toxins that have invaded tissues or lymphatic and 
hematogenous channels are not reached by the irrigations. We also 
know from some previous work in our laboratory that continuous peri- 
toneal lavage is shocking and often results in death, even in an unaf- 
fected peritoneal cavity. 

Sulfanilamide, neoprontosil, promine, and related drugs have been 
shown 18 ’ 19 to be bacteriostatic and thereby permit the physiologic im- 
munity reactions to combat the invading bacteria. The drugs arc most 
effective against certain hemolytic streptococci, B. coli, y - and B. welch ii: 
the last two organisms are most common in any ease of peritonitis fol- 
lowing gastrointestinal perforation. As is generally agreed and as shown 
in our work, the earlier in the course of an infection the drug is given 
the better are the results. The low level of blood sulfanilamide in our 
dogs suggests that the drug is rapidly excreted and that a larger number 
of Injections may be even more effective. 
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and the wounds were impregnated with sulfanilamide crystals when 
first seen. The patients were then sent back to the field or base hospital, 
and a thorough debridement was done, the wound being redusted with 
powder many hours later. The final treatment carried out was irriga- 
tion, debridement, packing with sulfanilamide powder, and immobiliza- 
tion of the part. It is known that the powder is soluble in serum and 
penetrates the fissures of the wound and ragged edges to a great extent. 
An air pump with a flask and a sterile tip of glass was used to force the 
powder into the crevices of the laceration. The powder acts in the serum 
as well as by absorption into the blood stream and lymphatics. Varying 
lengths and sizes of crayons compressed of the powder and containing 
20 Gin., were used, being pushed into bullet wounds. The absorption is 
much slower in this method. Collapsible tubes of the emulsion of sul- 
fanilamide are being used at the present time in Prance. The question 
has arisen of the sterility of the powder. It first was autoclaved, which, 
it was found, broke it up into its ehemieal components, often dissolving 
it into a brown liquid. Since then it has been used in stock bottles which 
are sterilized by the heat flame or alcohol on the outside and into which 
it is poured, just as sterile saline solutions are into sterile containers for 
handling and for use in the surgical team. One of us (J. G. D.) s has 
called attention to the use of the powder as an adjunct in the treatment 
of peritonitis and the other (L. W. L.), T to the use of the powder as an 
aid in the treatment of breast resections, appendical and pelvic abscesses, 
pyelitis complicating surgical diseases of the abdomen, and local infec- 
tions, lacerations, and compound fractures and injuries. 

USES 

The typical use of sulfanilamide crystals is divided into office and 
hospital use. 

Office Use. — The types of eases treated in the office are those of local 
infections, small lacerations, boils and abscesses, and the lesser types of 
injuries in which powder is placed in the wound and sewed up without 
di’ainage. If the infection and injur) 7 seem to be serious enough, sul- 
fanilamide is given by mouth in addition to the local use. Where the 
ointment is indicated in office treatments, we use equal parts of sul- 
fanilamide crystals and lanolin thoroughly mixed, preferring the anhy- 
drous type of sulfanilamide ointment because it seems to be more readily 
absorbable than that placed in petrolatum. 

Hospital Use. — Hospital treatment consists of: (1) Crushing and la- 
cerated injuries, in which the wound is thoroughly debrided, after 
scrubbing, and preparation of the area, and dusted with sulfanilamide 
powder, being closed without drainage. (2) Compound fractures in 
which the patient is treated for shock, after which there is thorough 
preparation of the injured part with soap and quantities of sterile water 
debridement, apposition of the fractured extremity, and, if the fractures 
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INTRODUCTION 

'T'lIE subject of the application of sulfanilamide crystals to wounds 
of the body made by trauma or by the surgeon is a subject which is 
growing in importance, particularly with the vast number of casualties 
that are appearing in the present war as well as the increasing number 
of auto accidents. This method is becoming more common in use through- 
out the world and seems to be a timely one for discussion at this moment. 
Sulfanilamide is used because it is more soluble than sulfapyridine or 
sulfathiazol. Its concentration in the blood shows that it is picked up 
more rapidly than the other two of this group. 


HISTORY 

The first material was published by Jensen and co-workers in Sur- 
gery in 1939. Our attention was directed to it by Key 2 in November, 
1939, at Memphis, during a meeting of the Southern Medical Associa- 
tion. These authors had made a study of its use in compound fractures 
after thorough debridement. They did quite an extensive amount of ex- 
perimental work on rabbits and other animals and found very little, if 
any, delay in union from the use of this crystalline material in and 
around the site of the fracture. It was used both with and without the 
oral administration of the drug with good results. No infections were 
encountered in their cases. Russell and Falconer 4 (1940) showed that 
the local application to the rabbit’s brain does not cause any appreciable 
damage to the tissue. However, due to the brain’s being encased in a 
solid vault, there was some mechanical disturbance and it was advised 
to use the solution if possible. Colebrook 5 (1940) called attention to the 
experiment done by Legroux of Paris, in the Academy of Surgery. This 
experiment was carried out on guinea pigs. The abductor muscle was 
crashed and a small piece of gauze with Streptococcus hcmolyticus and 
B C. Welchii gas bacillus organism was inserted. The gas bacillus is 
amenable to the sulfanilamide but not so susceptible as the streptococcus. 
The control pigs died in from two to three days. Those in which the 
wound was dusted with sulfanilamide powder before closure died in 
from four to seven days, but, if the wound was opened on the second 
d-iv and the infected gauze removed and the wound dusted with sul- 
fanilamide they recovered without debridement. During the present war 
the^Emdisk and French surgeons in France and Belgium were Di- 
stracted to give the wounded patients 2 Gm. of sulfanilam.de by mouth 
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have progressed satisfactorily without infection and the large raw area 
has offered great absorbent powers as null be shown in Tables I-Y on the 
rate of absorption. One patient with frank acute appendicitis with bi- 
lateral pyelitis complicating the disease had 20 6m. of sulfanilamide 
powder placed in the peritoneal cavity which cured her pyelitis without 
further administration of the drug. (5) Appendical and pelvic abscesses, 
which have been treated most successfully without drainage by incising 
and irrigating tbe abscessed cavity, placing 20 to 30 6m. of sulfanila- 
mide powder into the abscess, and closing the abdomen without drain- 

Table III 


Appendical Abscess (15 Gw. Sulfanilamide Powder) 


1st postoperative day 

1.9 nig- 

2nd postoperative day 

1.4 nig. 

3rd postoperative day 

0.51 mg. 

4th postoperative day 

0.41 mg. 

5th postoperative day 

0.09 mg. 

6th postoperative day 

0.03 mg. 

7th postoperative day 

Negative; patient discharged 

from the hospital 


age. The rate of absorption from such Availed -off cavities is much slower 
than in fresh denuded areas or in the peritoneum itself. (6) Peritonitis, 
which locally following acute appendicitis has been treated successfully 
without any deaths by dusting the sulfanilamide powder into the peri- 
toneal cavity, and which generally has been treated with sulfanilamide 
in the peritoneal cavity with drainage with marked success. One of ns 
(•1. 6. D.)° reported 1 death in twenty-five cases of perforated appen- 
dicitis with peritonitis in which tills drug was used. Since that time 


Table IV 

General Peritonitis (15 Gn. Sulfanilamide Powdep.) 


1st postoperative day 

15.0 mg. 


2nd postoperative day 

10.0 mg. 


3rd postoperative day 

6.0 mg. 


4th postoperative day 

4,0 mg. 


5th postoperative day 

l.SS mg. 


fitfi postoperative day 

0.8S nig. 



twenty-six additional eases have been added without any deaths. It is 
definitely known that the absorbability of the drug is proportional to the 
peritoneal reaction that is present. (7) Prophylactic Use in Abdominal 
and pelvic surgery, in which all eases of chronic salpingitis, hvdro- 

Table V 

Chronic Pyosalpinx (15 Gm. Sulfanilamide Powder) 


1st postoperative day -1.5 nig. 

-|»d postoperative day 1.55 mg. 

3rd postoperative day 0.01 mg. 

1th postoperative day 0.00 mj. 
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cannot be aligned and held properly in place, the placing of vitalliuiu 
metal screws and plates into the bone to hold the fractures in situ. Sul- 
fanilamide powder, 20 Gin. for adults and proportionally smaller 
amount for children, is placed into the fracture site both beneath and on 
top of the periosteum and the subcutaneous area. The wound is closed 
without drainage and a plaster of Paris splint applied to immobilize the 
part. It is interesting to note here that we have had some mental worry 
in some of these eases of compound fractures due to a temperature rise 
on the third and fourth days which would progressively go higlier each 
day. All of these patients were receiving sulfanilamide by mouth and 
on discontinuance the temperature subsided to normal. (3) Carbuncles, 
the treatment of ■which has been satisfactory in our hands by the use of 
intravenous anesthesia, thorough incision with the radioknife, removal 


Table I 

Absorption From Denuded Area Following Radical Resection of Breast 
(30 Gm. Sulfanilamide Powder) 


1st postoperative day 

6.3 nig.* 

2nd postoperative day 

7.S mg. 

3rd postoperative day 

9.7 mg. 

4 t)i postoperative day 

3.1 mg. 

5th postoperative day 

0.SS mg. 

fith postoperative day 

0.06 mg. 

7th postoperative day 

None available 


*In Tables I-V, rate as shown is in milligrams per 100 c.c. of blood serum. 


of the infected tissue by electrocoagulation, and packing with sulfanila- 
mide powder. Freedom from pain and sepsis following this procedure 
has been the ride. (4) Local abscesses, treatment of which with incision 
and drainage and daily applications of sulfanilamide powder dusted into 
the cavity has shortened the duration of the infection and apparently 
aided materially in the cure. We have noted breast cases referred to us 
for radical resection in which biopsies had been made in other small hos- 
pitals in which there was infection from previous surgery with marked 
induration around the carcinomatous breast from incision and not from 
the malignancy. These eases have been handled satisfactorily by the 
use of 20 Gm. of sulfanilamide powder; in one case as much as 30 Gin. 
were dusted into the wound before closure of the skin flap. These eases 


Table II 


Absorption From Normal Peritoneum With No Peritonitis 
(13 Gm. Sulfanilamide Powder; 


1st postoperative day 
2nd postoperative day 
3rd postoperative day 
4tli postoperative day 
5th postoperative day 
(jtli postoperative day 
7tU postoperative day 


32.5 mg. 

9.7 nig. 

7„S mg. 

:l.l mg. 

O.SS mg. 

0.5 mg. 

None; alt pus and symptoms 
of pyelitis clearing »l> 
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have progressed satisfactorily without infection and the large raw area 
has offered great absorbent powers as will be shown in Tables I-Y on the 
rate of absorption. One patient with frank acute appendicitis with bi- 
lateral pyelitis complicating the disease had 20 Gm. of sulfanilamide 
powder placed in the peritoneal cavity which cured her pyelitis without 
farther administration of the drug. (5) Appendical and pelvic abscesses, 
which have been treated most successfully without drainage by incising 
aud irrigating the abscessed cavity, placing 20 to 30 Gm. of sulfanila- 
mide powder into the abscess, and closing the abdomen without drain- 


Table III 


Appendical Abscess (15 Git. Sulfanilamide Powder) 


1st postoperative day 

1.9 mg. 

2nd postoperative day 

1.1 mg. 

3rd postoperative day 

0.51 mg. 

1th postoperative day 

0.11 mg. 

5th postoperative day 

0.09 mg. 

0th postoperative day 

0.03 mg. 

7th postoperative day 

Negative; patient di.-dimgr * 
from the hospital 


a ° e ' ra * e absorption from such walled-off cavities is much slower 
1 an in fresh denuded areas or in the peritoneum itself. (6) Peritovit ■ 
w ich locally following acute appendicitis has been treated successful.' y 
n ithout any deaths by dusting the sulfanilamide powder into the peri- 
oneal cavity, and which generally has been treated with sulfanilamide 
(I !>ent oneal cavity with drainage with marked success. One of iu 
re ported 1 death in twenty-five eases of perforated appen- 
ueitis with peritonitis in which this drug was used. Since that time 


Table IV 

General Peritonitis (15 Gm. Sulfanilamide Powder) 


1st postoperative day 
2nd postoperative day 
3rd postoperative day 
Itli postoperative day 
5th postoperative day 
6th postoperative day 


15.0 mg. 
1Q.0 mg. 

6.0 mg. 

4.0 mg. 
1.S8 mg. 
0.SS mg. 


defi'd a( iditi°nal eases have been added without any' deaths. It is 
Perit 6 *'i U °" U ^ la * : ^ le absorbability of the drug is proportional to the 
<md '''I* 1 * Ieac ** on ^at '- s present. (7) Prophylactic Use in Abdominal 
l e vie surgery, in which all eases of chronic salpingitis, hydro- 

Table V 

Chronic Pvosalpinx (15 Gm. Sulfanilamide Powder) 


I i05<0 P e rative day 
•_nd postoperative day 
•>rd postoperative day 
1 th postoperative dav 


4.5 mg. 
1.55 mg. 
0.61 mg. 
0.00 mg. 



SS2 


SURGERY 


salpinx, supravaginal hysterectomy, and tubo-ovarian abscess with re- 
moval are treated by the use of sulfanilamide powder dusted into the 
area of the pelvis. The stump of the cervix particularly has been closed 
with no complications in any eases after its use. Its use is advantageous 
as a prophylactic measure following any gastrointestinal surgery with 
soiling of the peritoneum. 


RATES OF ABSORPTION 

The typical rate of absorption is shown in Tables I-V. 

The maximum concentration in any of our cases has been 19.5 per 
cent. The minimum concentration shown has been 1.9 per cent. The 
effectiveness of the drug is lost if and when concentration falls below 1 
mg. per cent. In our opinion the ideal concentration desired is from 6 
to 10 mg. per cent. 

CONCLUSION 


1. Attention is called to the use of sulfanilamide powder locally. 

2. The various methods and types of cases aided by it are herein 
noted. 

3. Sufficient concentration in the serum can be obtained in conditions 
recpuring its use. 

4. Autoclaving destroys the effectiveness of the drug. 

5. Its rate of absorption is dependent upon the vascularity of the area 
in -which it is placed. 

6. Attention is directed to its use in war surgery as a prophylactic 
measure in the field. 

7. No complications can be noted in any cases under our care due to 
the drug. 
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SURGERY OP BRAIN TUMORS TODAY AND TEN YEARS AGO* 

Erxest Sachs, M.D., St. Louis, Mo. 

T EN years ago I based a paper upon a series of 298 brain tumors which 
I had removed in the course of twenty years. In the first ten years 
there were 38 ; in the second ten years, 260. In the past ten years, the 
third decade of my work, we have removed 796 brain tumors. We have, 
therefore, a series of 1,094 brain tumors, removed partially or in toto, 
on which these remarks are based. This material can be studied from 
many angles. Naturally, in an address such as this, only a few points 
can be stressed. 

In my paper ten years ago I discussed methods of diagnosis and 
technical methods of tumor removal. Since then, these technical methods 
have been pretty well standardized and no new methods have been in- 
troduced, although we have learned to use more effectively the methods 
we then had at our disposal, some of which were new at that time. On 
the diagnostic- side there is a constant improvement, though nothing very 
fundamental has been added. A good deal is being written nowadays 
about electroencephalography and its relation to diagnosis. About these 
things I shall have a few words to say later, but for the most part I 
shall devote my remarks to a different phase of the subject. 

For the general practitioner, as well as for the specialist, one point is 
always of deep interest ; namely, the operability of tumors aucl their 
malignancy. On this point our series gives valuable information. I have 
classified the tumors according to the types that we recognize today 
(Table T). 

Table I 

Pathologic Classification* of 1,091 Brain* Tumor Cases 


Meningiomas 

ITS 

16.4% 

A>troeytomas 

124 

11.3% 

Acoustic neuromas 

90 

S.2% 

Pituitary tumors 

TO 

0.4% 

Hemangioblastomas ami angiomas 

50 

1.5% 

Craniopharyngiomas (suprasellar cysts) 

25 

2.2% 

Medulloblastomas 

07 

6.1% 

Ependymomas 

4S 

4.3% 

Oligodendrogliomas 

20 

2.3% 

Mi>eellaneous tumors (under 1 per rent) 

ms 

12.0% 

Spongioblastomas multi forme and unclassified 

207 

IS.0% 

Malignancies, metastatic 

71 

0.4% 


In this table. I have placed those brain tumors most commonly en- 
countered and have placed them in order of their malignancy, beginning 
with the benign and working down to the most malignant. From this, 
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while this danger may be completely avoided when, it is removed in. 
pieces. Removing a tumor in this fashion necessitates more exacting 
methods of hemostasis, and this is where electrocoagulation has become 
indispensable. The removal of these tumors is tedious and time-consum- 
ing. Frequently the brain tissue has to be pushed back and great gentle- 
ness is necessary in order not to interfere with the function of this brain 
tissue. Of course, the importance of sparing the surrounding brain tis- 
sue depends greatly upon the location of the tumor. Thus, if a tumor is 
on the left side, near the origin of the sylvian fissure, injury to the 
speech mechanism is an evei'-present danger. It is impossible to be cer- 
tain during an operation whether the speech center has been permanently 
injured. For this reason, such operations, in which there is a question 




Fig:. 2. — Olfactory groove meningioma that was removed piecemeal. 

of saving the speech mechanism, are better carried out under local an- 
esthesia. The anesthetist, in talking to the patient, can keep the surgeon 
informed of any speech disturbance. This information is a great com- 
fort and is of great prognostic value. If, after the tumor lias been re- 
moved. the patient speaks even an occasional word, the surgeon may be 
certain that the patient's speech mechanism is intact. At the time the 
operation is completed, the patient may not be able to speak, due to the 
edema oi the brain which lay adjacent to the tumor, but, thanks to the 
brief period ot speech after the tumor was removed, one is able to as- 
sure the family and the patient that speech will return. This is most 
comforting to botli the surgeon and the family. I recently went through 
such an experience. A woman, tin years of age. had a meningioma just 
below her sylvian artery (Fig. Itcf ore operation her speech had 
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been perfect. At the end of the operation she said a few words, and 
then for over a month she said nothing but “no.” Usually speech begins 
to improve in a week or two and longer delay in recovery is harrowing 
to both the surgeon and the family. Often it worries the patient greatly 
and the worry, at least in this ease, increased the inhibition which had 
to be overcome before she started to speak. It was, therefore, very com- 
forting- to be able to reassure the relatives that there would be ultimate 
recovery. 
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to 





SACHS: SURGERY OF BRAIX TUMORS 


S87 


procedure for occluding vessels, was preferable to the old silver clips. 
Our experience since then has confirmed this, and for all vessels that 
have to be occluded — “tied” — electrocoagulation is used if possible. Oc- 
casionally silver clips may be necessary. 

The mortality in the removal of meningiomas has steadily gone down. 
In the 117 eases operated upon in the last ten years, it was 19 per cent ; 
while in the last five years, in 61 cases, it was only 9.8 per cent. 

Astrocytomas . — The second most frequent tumors in the benign group 
are the astrocytomas, llanv of these, especially when they occur in the 
cerebellum, are cystic in character. The results of operation upon these 
cases are eminently satisfactory. If the cyst is evacuated, all pressure 
signs recede, but this will not effect a cure. To cure these cases the solid 
portion, the growing portion spoken of as a nubbin, must be removed; 
otherwise, sooner or later there will be a recurrence. The cystic fluid in 
these tumors is secreted either by the solid portion of the tumor or is the 
result of degeneration; but why some of these tumors, which histologi- 
cally are indistinguishable from one another, should produce a large 
amount of fluid and others not, is not at all clear. This is one of a num- 
ber of instances which suggests that there may be a chemical interaction 
between tumor cells and normal brain tissue and that different regions 
of the brain react differently to the same group of cells. 

We also lack, thus far, any adequate explanation of the fact that some 
tumors develop much more frequently in certain regions of the brain 
than in others. 

Acoustic Neuromas . — The third large group consists of the acoustic 
neuromas, txunors which grow from the eighth nerve itself. In our series 
there were S9 eases, which places these as the third most common tumor 
in the benign group. In the last ten years there has been a greater 
change in the handling of this type than in the treatment of any other 
type of brain tumor. The first important contribution about them was 
made twenty years ago by Cushing in his book on Acoustic Neuromas. 
lie advocated at that time, in fact believed up to his death, that the best 
treatment was a partial or. as lie termed it. intracapsular removal of 
these tumors. The operation consisted of a bilateral cerebellar exposure 
with retraction of the cerebellar lobe on the side of the lesion. The cap- 
sule was split and as much of the tumor was removed as the surgeon 
deemed wise, but most of the capsule was left and sooner or later these 
patients had a recurrence. Sometimes they were free of symptoms for 
many years. I have some patients operated upon by that method who 
have been free of symptoms for many years, one of them for as many as 
eleven years. Today the operative approach is unilateral and, in order 
to get enough room, after reducing pressure by a ventricle puncture, 
part of the lateral lobe of the cerebellum is resected (Figs. 4 and 5). If 
one is careful not to injure the nuclei of the cerebellum, the resection of 
the cerebellum does not give rise to any serious symptoms, at most per- 
haps a transient ataxia. In fact, resecting the cerebellum is less harm- 
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ful than retracting it for a prolonged time because prolonged retraction 
injures its Wood supply, thus destroying its function; furthermore, leav- 
ing traumatized avascular tissue in the wound increases the possibility’- 
of an infection. This operation is extremely difficult; in fact, I consider 
operations for eighth nerve tumors among the most difficult we have to 
perform. There is no operation in which a skillful assistant is so impor- 
tant. The results, however, are better than by the older method and, 



tnlifv is still much too high, in the last 20 cases it has 
though our mortah j is stul I feel eer- 

h » 2 0pff«ent. W We P™^^ r ' B!inrel ^ One 

tain that in the next fne. ^ ^ 4 of {h( . 7 .tenths have bwd tom 
reason for this lug 1 11101 ‘ ^ an< j t j ie universal experience has h’cii 

operations oil current eighth nerve tumors is vastly lug »« >“ 

that the moi talit. radical one. 

when the initial operation has Wet 



SACHS: SURGERY OP BRATS’ TUMORS 


S89 


There are certain points in the operation and postoperative treatment 
of these tumors which, if overlooked, spell disaster. These tumors lie, as 
a rule, iu contact with the vagus and glossopharyngeal nerves and are 
usually imbedded in the side of the pons. Sparing these nerves is all im- 
portant. The dissection must be carried out slowly and with meticulous 
attention to hemostasis. This is one of the few cranial operations in 
which eleetrosui’gerj' cannot be used freely. The heat from the electro- 
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surgical unit may injure the pons or tlie vagus nerve. Such injury may 
interfere temporarily or permanently with the patient's swallowing or 
speaking. This must be kept in mind in the postoperative care. I have 
lost several patients, in years gone by, because I have permitted these 
patients to be given food or water too soon ; as a result they developed 
pneumonia. The routine today is absolutely nothing by mouth for a day 
or two and then only feeding through a small nasal tube until we are 
certain the patient swallows normally. 

Medulloblastomas, Oligodendrogliomas, and Ependymomas . — We now 
must consider the tumors that are less favorable; many of these are not 
encapsulated and show some tendency to malignancy. They fall into 
three groups : medulloblastomas, oligodendrogliomas, and ependymomas. 
The first of these, medulloblastomas, occur most frequently in children, 
and usually in the posterior fossa. It is the one brain tumor that is 
markedly radiosensitive. This fact has given rise to a rather lively con- 
troversy regarding its treatment. One group of surgeons believes that 
medulloblastomas should be treated with deep therapy and not be oper- 
ated upon at all. A second group believes in doing merely a biopsj r and 
then giving therapj', while a third group believes in doing a radical 
excision and following it up with x-ray. I cannot discuss today the vari- 
ous arguments held by the proponents of these different theories but 
shall say merely this, that I personally do not believe in treating any 
ease with x-ray unless the histology of the tumor is known. Radical re- 
moval followed by deep therapy, if the tumor is the radiosensitive type, 
seems to me to hold out the best chance for the patient. Up to the present 
time, treatment of deep-seated lesions by x-ray or radium therapy only, 
has not in our experience accomplished either what radical removal has 


accomplished or, still better, radical removal plus therapy. Using ther- 
apy without knowing the pathology of a tumor has the further serious 
objection that a mistake in diagnosis may readily occur and that a 
tumor, which is not at all radiosensitive yet perfectly operable, may be 


treated by x-ray instead of being removed by operation. Such treatment 
involves a loss of precious time. It is impossible either from clinical 
symptoms or from x-ray findings to know whether or not a tumor be- 
longs to the radiosensitive variety. One can do no more than suspect 
Furthermore, employing the therapeutic test is hazardous, for there 
may be a temporary recession of symptoms which gives one a false sense 
of security. This past year we have had exactly this experience. A child 
with a posterior fossa lesion had been treated with x-ray. For a few 
weeks there was some improvement so that x-ray treatment was repented 
in spite of a steady advance of symptoms. When the child was brought 
to us its condition was such that we had to operate promptly, and we 
\° 7 1 removed a cholesteatoma. This rare type of tumor- we hate 

4 " - * w - 

all, but is quite readily removed. 
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Tlie two otlier types which I am considering in this group, oligoden- 
drogliomas and ependymomas, are not radiosensitive. They grow slowly 
but are more likely to recur after operation because they are not encap- 
sulated and their margins, therefore, not so well demarcated. These 
tumors can sometimes be completely removed. It is always an advantage 
to the surgeon if he knows, or may suspect before he undertakes an 



Fiir, G. — Papilloma of tin; fourth ventricle. 

operation, the nature of the tumor. This is frequently possible with these 
tumors because of the peenliar type of shadow they cast in the x-ray 
plate (Fig. 1). (liven this due. the cautious surgeon plans his operation 
•somewhat differently, for these tumors frequently extend well beyond 
the areas of calcification ; consequently one must provide ample room for 
their removal by making lurger bone Haps. 
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Fiff- 7. — Papilloma of the fourth ventricle. 

Pituitanj 2 iuhoi s. .File pituitary tumors, however, present problems 
which are entirely different from those of any other intracranial tumors. 
Practically the only symptom that brings patients suffering from a 
pituitary lesion to operation is loss of vision. Tin's Joss of vision is dif- 
ferent from that caused by a brain tumor; it is characterized by a pecu- 
liar field defect, bitemporal blindness, and by tlw absence of choked disc. 
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This visual disturbance is produced in a different way; it is due to direct 
pressure on the optic cliiasm. Because of the peculiar arrangement of 
the fibei’s in the chiasm, when the pressure is exerted equally on the 
two sides, typical bitemporal blindness occurs. In the rare eases in 
which the pressure is not symmetrically exerted , the held defect may be 
of a different type. 

The opei’ative treatment has been well standardized. Whereas there 
was a time when eases of pituitary disease with an enlarged sella turcica 
were operated upon through the nose, transphenoidally, today all neu- 
rological surgeons do these operations by an intracranial route. In fact, 
the only one who still employs the intranasal approach is Hirseh, for- 
merly of Vienna, now 7 in Boston. 

The advantages of the intracranial procedure are: (1) a sterile field 
which, even uuder the most favoi-able cii’eumstances, the ziose cannot be ; 
and (2) a larger field which permits adequate exposure of the tumor and 
enables the surgeon to undertake a more radical procedure. The one dis- 
advantage is the risk of hemon-hage into the tumor bed after operation. 
This, however, requires meticulous hemostasis and very careful post- 
operative observatiozi so that, if a hemorrhage occurs, the clot may be 
promptly evacuated. My own custom, in case of doubt, is to drain the 
sella for twenty-four hours to avoid this complication. 

In the course of years I have found that some of these patients have 
recurrences,- this can be obviated best by postoperative deep therapy. I 
do not believe in treating a pituitary tumor ease, in which thei’e is 
marked loss of vision, with deep therapy first, and operating only as a 
last resort. The danger of losing vision permanent!} 7 while trying x-ray 
therapy — for weeks or months may elapse before one can know whether 
x-ray helps — is a risk I am umvilling to take. 

Spongioblastoma Multiforme. — Lastly, we must consider the znalig- 
nant type of glioma, the spongioblastoma multiforme. Here is a field in 
w-hich much still has to be clone, for, up to the present time, very few pa- 
tients with this type of tumor have been permanently cured. These 
tumors are infiltrating and rapidly growing and, as a rule, patients with 
this type of tumor die within two years after the onset of symptoms. 
How best to deal with these eases has given rise to considerable discus- 
sion. It is usually impossible to make the pathologic diagnosis before 
operation. One may suspect this type when the patient’s symptoms de- 
velop rapidly, but this is uncez-taiu and practically all eases with brain 
tumor must be operated upon. Many of these can be diagnosed grossly 
at the operating table. The difference of opinion that arises is how to 
deal with the case if one finds a malignant glioma. One group of sur- 
geozzs advocates doing nothing but a biopsy and closing up ; a second 
group advocates taking out as much of the tumor as possible and sewing 
n P the dura tightly; the third group, in addition to removing as much 
°t the tumor as possible, leaves a large decompression to relieve the pa- 
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This visual disturbance is produced in a different way; it is due to direct 
pressure ou the optic chiasm. Because of the peculiar arrangement of 
the fibers in the chiasm, when the pressure is exerted equally on the 
two sides, typical bitemporal blindness occurs. In the rare cases in 
which the pressure is not symmetrically exerted, the field defect may be 
of a different type. 

The operative treatment has been well standardized. Whereas there 
was a time when cases of pituitary disease with an enlarged sella turcica 
were operated upon through the nose, transphenoidally, today all neu- 
rological surgeons do these operations by an intracranial route. In fact, 
the only one who still employs the intranasal approach is Hirsch, for- 
merly of Vienna, now in Boston. 

The advantages of the intracranial procedure are: (1) a sterile field 
which, even under the most favorable circumstances, the nose cannot be ; 
and (2) a larger field which permits adequate exposure of. the tumor and 
enables the surgeon to undertake a more radical procedure. The one dis- 
advantage is the risk of hemorrhage into the tumor bed after operation. 
This, however, requires meticulous hemostasis and very careful post- 
operative observation so that, if a hemorrhage occurs, the clot may be 
promptly evacuated. Mj r own custom, in case of doubt, is to drain the 
sella for twenty-four horn's to avoid this complication. 

In the course of years I have found that some of these patients have 
recurrences ; this can be obviated best by postoperative deep therapy. I 
do not believe iu treating a pituitary tumor ease, in which there is 
marked loss of vision, with deep therapy first, and operating only as a 
last resort. The danger of losing vision permanently while trying x-ray 
therapy — for weeks or months may elapse before one can know whether 
x-ray helps — is a risk I am unwilling to take. 

Spongioblastoma, Multiforme. — Lastly, we must consider the malig- 
nant type of glioma, the spongioblastoma multiforme. Here is a field in 
which much still has to be done, for, up to the present time, very few pa- 
tients with this type of tumor have been permanently cured. These 
tumors are infiltrating and rapidly growing and, as a rule, patients with 
this type of tumor die within turn years after the onset of symptoms. 
How best to deal with these cases has given rise to considerable diseus- 
Sion - It is usually impossible to make the pathologic diagnosis before 
operation. One may suspect this type when the patient’s symptoms de- 
velop rapidly, but this is uucertain and practically all eases with brain 
tumor must be operated upon. Many of these can be diagnosed grossly 
at the operating table. The difference of opinion that arises is bow to 
heal with the ease if one finds a malignant glioma. One group of sur- 
geons advocates doing nothing but a biopsy and closing up; a second 
group advocates taking out as much of the tumor as possible and sewing 
up the dura tightly-, the third group, in addition to removing as much 
°f the tumor as possible, leaves a large decompression to relieve the pa- 
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tient’s pressure symptoms il and when the tumor recurs. Experience 
has shown that the first method, not to attempt to remove the tumor, 
gives no lelief whatever and is attended by an immediate, very high 
postoperative mortality. On the other hand, removing the tumor usually 
gives the patient eomjdete relief from his headache and saves his eye- 
sight, while the focal symptoms, such as paresis and aphasia, may clear 
up. Then, if the dura has been closed, when the tumor recurs the pa- 
tient dies quietly . This second group does not believe, ever, in operation 
a second time upon a patient with this type of tumor. 

I belong to the third group. I do a decompression after a radical re- 
moval with the idea of giving the patient relief as long as possible. Jf 
there is no decompression, the patient who gets a recurrence suffers as 
much as he did before his first operation, while in this way he may be 
quite comfortable, often to the very end. I do believe, in some cases, in 
operating repeatedly, two and three times even, if by so doing the pa- 
tient can be kept comfortable and does not have too much disability. Of 
course, the family must understand that tins is only a palliative proce- 
dure and will not effect a cure. 

I can see no justification for the attitude of the first group since their 
procedure not only hastens the end but often precipitates it. I can see 
the point of view of the second group ; however, in my experience, the 
majority of families want their relatives’ lives prolonged if possible, 
and I for one am not willing to recommend euthanasia. My point of view 
is excellently expressed in that fascinating book, ds I Remember Him, 
recently published by Hans Zinsser, late Professor of Bacteriology at 
Harvard, when he says: “I have always come to the conclusion that the 
safest principle, except in a few special instances, such as the last stages 
of cancer, leukaemia or of Hodgkin’s disease, is to continue to work with 
all means at one’s disposal as long as the pulse keeps going and the 
breathing continues.” 


In the past ten years our percentage of tumor removals, partial or 
complete, has greatly increased and, in the past five years, it 1ms 
amounted to from 95 to 97 per cent of all tumors operated upon, ami, 
though we are more radical than we used to be, our mortality is going 
down We are removing tumors now that we didn’t venture to tackle 
ten years ago, notably tumors in the ventricles. This has been made pos- 
sible by the extensive use of eleetrosurgery. Any incision into the brum 
used to be a formidable procedure, but that time has passed. Today we 
have no hesitation in incising it and even excising large blocks ot tissue. 
A^reat aid also in these procedures, especially if we are dealing with an 
infiltrating glioma, is a suction apparatus. 

uitimai 0 o ch an"ed our method of anesthesia and now use 

Eight year o . ive rtin with the addition of local anesthesia. 

practically nothing ‘ an ,j fin( f j t more satisfactory 

- 



SACHS: SURGERY OF BR.UX TUMORS 


S95 


skilled anesthetist to administer it, and there are little tricks upon which 
its successful use depends. This method of anesthesia has contributed 
greath- to better results. Not only has avertiu been eminently satisfac- 
tory, but it has been a great relief to both patient and surgeon. As we 
use it, the patient knows nothing about his operation and does not even 
know when he is put to sleep. It is administered in his room, in bed, 
and the patient is not moved until after he is asleep. Frequently the 
patient inquires the next da.v when he is going to be operated upon; 
whereas, wheu a patient has been operated upon under local anesthesia, 
aud has required a second operation, he has often dreaded the oi’deal 
and begged for a general anesthetic. Patients who have had avertin do 
not have this dread. 

I have pointed out what a serious problem the malignant gliomas con- 
stitute. With the idea of solving this problem, we tried deep therapy 
directly into the open wound during the course of an operation, but, 
after trying it for a number of years, we could not convince ourselves 
that the results were any better than formerly aud rarely use it any 
more. 

Though we now know how to relieve patients with infiltrating gliomas, 
their cure has not yet been solved. 

On the diagnostic side we have had no very significant advances, but 
we have come to make more use than ever of ventriculography. With 
greatly increased experience our interpretation of air plates has natu- 
rally improved. We have found that a large number of views from dif- 
ferent angles have helped us to localize difficult lesions more accurately. 

We have been trying out electroencephalography and have found that, 
m a considerable number of eases, it confirms localizations made by other 
methods. Sometimes it has indicated foc-al lesions of which there was no 
evidence by any other diagnostic procedure, and these patients, when 
operated upon, had no demonstrable lesion. On the other hand, in some 
cases of meningioma, eleetroeucephalographic examination showed no 
evidence of a lesion as there is no electrical activity in a tumor itself, 
for these reasons, therefore, I feel that, though the study of eleetro- 
eneephalograpliic records is of great interest and may in the next few 
yeare yield valuable information, it cannot now replace other recognized 
methods of diagnosis. In my elinie, at present, we do not feel that we 
can place great dependence upon it. 

Today, just as ten years ago, we rely for our diagnosis primarily on 
our history, physical examination and ventriculography. 

ft is just as necessary today as it always has been for men to keep 
their feet on the ground and learn to evaluate both diagnostic and sur- 
p'cal procedures properly. Anyone — well, almost anyone — van acquire 
the technical skill to operate, but the most valuable asset for the neu- 
rological surgeon always has been and still remains — judgment. 



THE MECHANICAL SUPERIORITY OF ANNEALED STAINLESS 
STEEL WIRE SUTURES AND LIGATURES 


Daniel J. Preston, M.D., Wilmington, Del. 

nTHE RELATIVE dependability of surgical suture materials should 
be part of the fundamental knowledge of every surgeon. If one 
type of suture material is used routinely for all surgical procedures, 
the operator may overlook other materials of superior efficiency from 
lack of familiarity with the various types. 

The strength of healing wounds depends upon three main factors: 

(1) The mechanical resistance of tissues, sutures, and knots to tension; 

(2) the local tissue reaction caused by suture material, trauma, or 
infection; and (3) constitutional disease which alters the normal heal- 
ing process. Dehiscence of abdominal or other wounds is favored by a 
combination of mechanical factors and biological factors. Mass liga- 
tures, tightly drawn knots, and continuous tight big-bite suturing pre- 
dispose to local necrosis, infection, and separation of the wound edges. 
The tension forces in a wound are borne alike by the tissues and by 
the sutures which hold them together. Strength of sutures and integ- 
rity of surgical knots are of obvious importance in maintaining the 
approximation of wound edges. An important biological factor which 
favors dehiscence of wounds is the weakening of tissues and delay in 
healing resulting from the local inflammatory reaction caused by organic 
suture materials. The sheep protein of catgut produces a marked tissue 
reaction, the seleroprotein of silk a less pronounced response, and inor- 
ganic (wire) sutures the least unfavorable changes. 3 

The favorable clinical results obtained with annealed (1S-S) stain- 
less steel wire sutures and ligatures have been in sharp contrast at 
times with the unfavorable results and failures seen in certain in- 


stances where organic sutures (catgut and silk) were used. From lab- 
oratory studies and observations on the surgical wards it was found 
that sutures of stainless steel wire favored the optimum healing of 


wounds. This prompted the investigation here presented to determine 
by comparative tests the mechanical efficiency of the several types of 
suture materials commonly used in surgical practice. 

Method of Testing Tensile Strength of Sutures.— The tensile strength 
was determined by the sudden application of a 20 kg. pull on a 5 cm 
leiwth of each suture. The apparatus (Fig. I) consists of a calibrated 
cylindrical testing scale suspended from the transverse lop piece 1'™ 
churns which hold the suture arc hung upon the testing sea e. A ree- 
P i . nhtform between the lateral uprights hears a 20 kg. weight 
tangular P d t} j 0Wt . r clamp. When this platform is 
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vertically arranged testing scale and clamp system. A ratchet on the 
testing scale facilitates an accurate reading as it prevents the calibrated 
scale from snapping back when the suture breaks. In this way a read- 
ing is obtained of the maximum force which the suture segment with- 
stood before breaking. 



Rig. 1 — Apparatus for testing the tensile strength of sutures and the holding strength 

of knots. 


Tensile Strength of Sutures. — In order to compare the tensile strength 
°£ any given suture material with another, it is necessary to determine 
Ihe tensile strength per unit of diameter for each suture to be tested. 
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STEEL WIRE SUTURES AND LIGATURES 


Daniel J. Preston, M.D., Wilmington, Del. 

T HE RELATIVE dependability of surgical suture materials should 
be part of the fundamental knowledge of every surgeon. If one 
type of suture material is used routinely for all surgical procedures, 
the operator may overlook other materials of superior efficiency from 
lack of familiarity with the various types. 

The strength of healing wounds depends upon three main factors: 

(1) The mechanical resistance of tissues, sutures, and knots to tension; 

(2) the local tissue reaction caused by suture material, trauma, or 
infection; and (3) constitutional disease which alters the normal heal- 
ing process. Dehiscence of abdominal or other 1 wounds is favored by a 
combination of mechanical factors and biological factors. Mass liga- 
tures, tightly drawn knots, and continuous tight big-bite suturing pre- 
dispose to local necrosis, infection, and separation of the wound edges. 
The tension forces in a wound are borne alike by the tissues and by 
the sutures which hold them together. Strength of sutures and integ- 
rity of surgical knots are of obvious importance in maintaining the 
approximation of wound edges. An important biological factor which 
favors dehiscence of wounds is the weakening of tissues and delay in 
healing resulting from the local inflammatory reaction caused by organic 
suture materials. The sheep protein of catgut produces a marked tissue 
reaction, the seleroprotein of silk a less pronounced response, and inor- 
ganic (wire) sutures the least unfavorable changes. 2 

The favorable clinical results obtained with annealed (18-8) stain- 
less steel wive sutures and ligatures have been in sharp contrast at 


times with the unfavorable results and failures seen in certain in- 
stances where organic sutures (catgut and silk) were used. From lab- 
oratory studies and observations on the surgical wards it was found 
that sutures of stainless steel wire favored the optimum healing of 
wounds. This prompted the investigation here presented to determine 
by comparative tests the mechanical efficiency of the several types of 
suture materials commonly used in suigieal pi active. 

Method of Testing Tensile Strength of Sutures.— The tensile strength 
was determined by the sudden application of a 20 kg. pull on a » «... 
length of each suture. The apparatus (Fig. J) consists oi a cabbiated 
cylindrical testing scale suspended from the transverse top piece I wo 
y . . , j i i ,.„tnre are hung upon the testing scale. A ice - 
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An average of four readings of diameter was made for representa- 
tive sizes of catgut, silk, and wire. Fig. 4 illustrates these discrepancies 
in diameter. The greater the variability in diameter of a suture, the 
less reliable and constant will be its tensile strength. Wire showed the 
greatest uniformity of diameter. 



EiS- 4.— The average variability in the diameter of sutures expressed in microns. 
Aj chromic catgut ; B, plain catgut ; C, black braided serum-proof silk ; D, annealed 
stainless steel wire. 


CM -/f- 



nir-ir IF', a -~The tensile strength of sutures in grams per micron of diameter is plotted 
UhimT, - diameter in microns to show the relative change in tensile strength as the 
silt . , ls varied. A, annealed stainless steel wire ; B, black braided serum-proof 
• o, chromic catgut; D, plain catgut. 
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% dividing the tensile strength (grams of pull registered on apparatus) 
J 1 Ia , meter ot the suture expressed in microns, one can justifiablv 
compare the tensile strength of, say, No. 3 chromic catgut with No. i 
silk by expressing their tensile strengths as grams per micron. 

Both large and small sizes of the following materials were used for 
these tests: plain catgut, chromic catgut, two branch of serum-proof 
black silk, and annealed 18-8 stainless steel wire. The average of four 
tests for each size of each material was recorded. 


Chromic catgut was appreciably stronger than plain catgut. Silk 
was only slightly stronger than chromic catgut. Wire was consider- 
ably superior in strength to catgut or silk (Fig. 2). 


Ct vf 



Fig. 2. Fig. 3. 

2. — -The average tensile strength of sutures in grains per micron of diameter. 
A, annealed stainless steei wire ; 2?, black braided serum-proof silk ; C, chromic catgut ; 
b' plain catgut. 

pig, 3, — The average variability in tensile strength ot sutures expressed in grams. 
.1 two brands of black braided serum-proof silk ; J?, chromic catgut ; C, plain catgut : 
b’ annealed stainless steel wire. 


Variability in Tensile Strength of Sutures . — By analysis of the tensile 
strength tests it was found that wire gave the most constant values for 
all sizes. Silk proved to be the least reliable. Fig. 3 is a graphic com- 
parison of the average variability in the tensile strength of silk, chromic 
and plain catgut, and annealed stainless steel wire. The greater the 
variability in tensile strength, the less reliable a -suture becomes. 

' Variability in Diameter of Sutures.— Manufacturers do not follow a 
standard method of grading the size of sutures so that two brands Iwv- 
sL the same commercial size on the label may vary considerably in the 
\ v ntfl „ thp sutures. Sine** flu* <Jiwu<*P*r an ui»f>r>if«inf 
measured lil “* , ' , it . mmisili. »«• •»'»• iWirai «! mi 
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Relation of Suture Diameter /« „ 

tensile strength ^ grams per micron Fi - 5 tbe 

microns for various sizes of the four diff f against the diameter in 
and shows the relative change in Zs t 5“* ° f «*«• materials 

the diameter. Plain catgut was the 1 * tven S th as effected by varying 
a decrease in tensile strength per unit of”?” 8 ! teSted whieh showed 
suture was increased. Stainless steel wire ' iarneter as the size of the 
m tensile strength with relatively ij«i„ • dl0W f d a marlied increase 
heaviest wire tested was % tke diameter. The 

silk and catgut, yet the tensile strength of S I™ e diaineter as thc S ™st 
than twice that of either silk or catgut WUG W8S found to he more 
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Fig. 6. — The effects of boiling and drying on the tenslio strength , 

proof silk. The tensile strength^ ^pressejTn"^ 



of Boiling on Tensile Strength of Silk Sutures.— Wet .silk 
which had been boiled ten minutes was found to have lost one-third of 
its tensile strength. After being boiled thirty minutes, wet silk had 
lost about one-half of its tensile strength as compared with dry unboiled 
silk from the same spool. After the wet boiled silk teas subjected to 
air drying for twenty-four horns, an appreciable part of the original 
tensile strength was regained. 

Fig. 6 tabulates the results of tests on boiled silk sutures. 
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The surgeon should not expect silk boiled for ten minutes to retain 
more than two-thirds of its original strength. Further weakening is 
produced by tying a knot which produces sharp angulations in the 
suture that will not resist as great a pull as a straight strand. 

Method of Testing Surgical Knots . — The following tests were made 
to determine what kind of suture material and what type of surgical 
knot were most secure and gave the greatest holding strength. Each 
suture was tested with a granny knot, a square or reef knot, a surgeon ’s 
knot, and a triple-throw knot (tied as two square knots). All knots 
were tied in a uniform manner by throwing a loop around a circular 
suppox-t and using a hemostat to grasp one end of the suture as an aid 
in settling each knot down as firmly as possible without breaking the 
suture. The components of eaeh knot were made to lie in the same 
plane and traction with the aid of a hemostat was directed in the plane 
of the loop. This produced flat knots and avoided insecure twisted knots. 

The ends of the suture remaining after the knot was tied were cut 
oft’ with scissors not farther than 1 mm. from the knot. The loop 
around the circular support was then divided. The 5 cm. segment of 
suture bearing the knot was made fast in a clamp at each end and tested 
for holding strength on the apparatus (Fig. 1) which had been used in 
determining tensile strength of sutures. Sufficient sudden pulling force 
was applied in all tests to untie the knot or break the suture. 

Holding Strength of Surgical Knots . — All plain and chromic catgut 
knots untied when subjected to the tension test. One-third of the triple- 
throw’ knots, made of silk, remained intact, but all of the others (sui’- 
geon’s, square, and granny knots) untied. All of the stainless steel 
ware knots, including the granny knots, did not untie in any of the tests. 

Catgut and silk knots showed a definite increase in stability of the 
square and tx*iple-tlirow knots when the cut ends of the suture were left 
5 nun. long. There w'as no increase in holding strength of granny and 
surgeon’s knots, however, when the cut ends wei’e left 5 mm. long. 

Catgxxt wet with saline solution produced square and triple-throw 
knots which had twice as much resistance to the pulling force, and, when 
'vet with mineral oil, were five times as resistant. Yet, all these knots 
mitied. Surgeon’s and gi’anny knots showed no inei-ease in holding 
strength when wet with saline solution or mineral oil. 

Taylor 3 demonstrated greater friction values for wet catgut as com- 
pared with dry catgut. We had expected to ovei’eome some of the 
irietional forces between the loops of the catgut knots by wetting the 
suture w’ith mineral oil. The reason why our tests showed an increase 
in holding sti-ength when this was done is not clear. Oil may make the 
surface of the suture more porous so that the loops of a knot bite into 
each other more securely. 

Jenkins 1 found that, when the strength of catgut in a wound was 
dependent upon the knot, the strength lasted only two or three days 
and failure was due to untying of the knot. The disruption of catgut 
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knots in wounds is favored by wetting of the suture which causes a 

swelling with increased elasticity and a tendency for the twisted strands 
to untwist. 

When silk had been wet with mineral oil, the triple-throw knots 
showed a 70 per cent increase in resistance to the pulling force. The 
square, surgeon’s, and granny knots were essentially unimproved by 
the oil treatment. Silk could not be wet with saline solution for these 
tests because of the patented waxy material used by the manufacturers 
to make the silk serum-proof. 

There was no change in the stability of wire knots whether dry, wet 
with saline solution, or soaked with mineral oil. All wire knots re- 
mained tied when tested. 


Reduced Tensile Strength in Knotted Sutures . — The percentage of 
decrease in tensile strength of knotted sutures was obtained by compar- 
ing the tensile strength of a straight strand of suture with the tensile 
strength of a knotted suture in which the knot remained intact and the 
suture broke when tested. The kind of knot employed had no appar- 
ent influence on the tensile strength of knotted sutures. 

Plain catgut lost 14 per cent; silk, 24 per cent; chromic catgut, 28 
per cent; and 18-8 annealed wire, 30 per cent of their original ten- 
sile strength when knotted. Tying a knot in the wire causes stretch- 
ing which apparently weakens the suture and accounts for the marked 
reduction in tensile strength of knotted wire sutures. 

Disruption of Surgical Knots . — Knots that disrupted when tested 
were found to untie by a rolling movement of the second loop which 
carried it over the short cut end. This rolling movement was a rota- 
tion of the suture on its long axis. When the second loop had rolled 
over the short cut end, the first loop slipped and the knot untied. There- 
fore it was thought that the resistance of a suture to long axis torsion 


might be a factor in maintaining the integrity of surgical knots. 

A special apparatus was constructed to measure the long axis torsion 
resistance of sutures (Fig. 7). A 1 cm. length of suture under 1 kg. 
of tension is fixed in the apparatus between tun small circular cl niches. 
By adding analytic balance weights to the aluminum weight pan, the 
jeweled action central axis combined with the suture rotates through 
an are indicated by the pointer on a mounted protractor scale. T he 
weight required to rotate the suture through an are of 90 degrees 
was” determined for each suture. Stainless steel why. diameter 1-0 
microns, gave the highest reading of 18.07 Cm. The lowest reading 
nrt Cm for No. 10 black silk with a diameter oi 42! microns, at- 
? °'7 had about one-half the resistance of dry catgut. Wire 

— 

5n » an intact surgical knot. 
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Friction between the loops of a knot is believed to be the chief factor 
in preventing surgical knots from untying. Stainless steel wire appar- 
ently possessed greater friction between elements of the knots than 
other materials tested for none of the wire knots untied. When a 
wire knot is tied, the force required to lay each loop down firmly causes 
the wire to stretch. By microscopic examination, stretched wire was 
found to have a roughened surface which accounts for the increased 
friction and greater stability of wire knots. 



stnurARV 

Mechanical tests show that catgut has a lower tensile strength per 
umt °f diameter than silk or annealed stainless steel wire. Catgut 
boots had tlie least holding strength when compared with silk or wire. 
The catgut knot most resistant to a pulling force was the triple-throw 
boot having free ends 5 mm. or more in length. 

The tensile strength of silk sutures is greater than catgut but less 
than stainless steel wire. Boiled wet silk lost one-third to one-half of 
rts original tensile strength. The triple-throw knot was most resistant 
(o the pulling force for silk. The silk surgeon s knot tended to untie 
even when the free cut ends were left 5 mm. long. 
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Annealed stainless steel wire sutures are superior to both catgut 
and silk in tensile strength and holding strength of knots. The mechan- 
ical qualities of wire suture are not effected by sterilization or wetting 
with saline solution or oil. 

The holding strength of surgical knots determined by their resist- 
ance to a pulling force places the reliability of these knots in the fol- 
lowing order: (1) triple-throw knot (tied as two square knots), (2) 
square or reef knot, (3) surgeon’s knot, and (4) granny knot. 

When permeable suture materials. are wet with saline solution or min- 
eral oil, there is an increase in the holding strength of their knots. 

Friction between the loops of a surgical knot is the greatest single 
factor in maintaining stability and integrity of the knot under ten- 
sion. Long axis torsion resistance of a suture plays little or no part 
in preventing knots from untying. 

The superiority of annealed stainless steel wire sutures over silk and 
catgut as shown by laboratory tests have been confirmed by clinical 
observations. It is hoped that a wider use in surgery will be found 
for buried wire sutures. 
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THE BOLE OF BRONCHOSCOPY IN THE TREATMENT OF 
PULMONARY ABSCESS 


Herman J. Moersch, M.D., and Arthur M. Olsen, M.D., 
Rochester, Minn. 

(From the Division, of ICedicine, The Mayo Clinic) 

T here is considerable difference of opinion as to the value of bron- 
choscopy in the diagnosis and treatment of pulmonary abscess. It 
is not our intention to enter into a discussion of the relative merits of 
the various procedures which may be employed in the treatment of 
pulmonary abscess, but rather to present a review of the results that 
we have obtained over a number of years in the treatment of pulmonary 
abscess by means of bronehoseopie drainage. 

The study to be presented is based on a review of 264 eases of putrid 
pulmonary abscess seen at the Mayo Clinic over a fourteen-year period, 
in 193 of which the lesions were treated bi’onchoscopically. Cases in 
which the abscess occurred secondarilj- to tuberculosis, bronchiectasis, 
and benign or malignant tumor of the bronchus or aspirated foreign 
body are not included. We have, however, included 6 cases in which 
there was an antecedent history of a foreign body but in which the 
foreign body had been aspirated many years preceding the time when 
the patient came under our observation for pulmonary abscess. 

Before attempting to analyze the results that were obtained among 
the 193 patients treated by bronehoseopie drainage, it would seem ad- 
visable to point out briefly the rationale for its use in the treatment of 
pulmonary abscess. It is of value only in eases in which the abscess 
communicates with a bronchus. Such a communication is the general 
rule and is established early during the development of the abscess. 
When a communication exists, if drainage is adequate, spontaneous 
resolution of the abscess will generally take place. Lynah and Jackson 
have pointed out that stenosis of a bronehus communicating with the 
pulmonary abscess generally occurs, thus interfering with proper drain- 
a ge and aeration of the abscess cavity. If benefit is to be derived from 
bronehoseopie aspiration, it is important that the bronchus leading to 
the abscess be thoroughly dilated. The importance of aeration is espe- 
cially worthy of emphasis. Brann, Cutler, and Gross, Allen and Black- 
man, and others have pointed out that anaerobic organisms are found 
1!1 approximately SO per cent of patients with putrid pulmonary ab- 
scess, and that undoubtedly much of the benefit that is derived from 
bronehoseopie drainage is dependent on better aeration of the abscess 
cavity. In our experience we have been able to establish the most satis- 
factory dilatation of the stenotic bronchus manually with a heavy pair 
at dilat ing forceps. Contrary to Goldman’s observation, we have found 
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that we can often pass an aspirating tube directly into an abscess cavitv 
and m many instances we have been able to evacuate as much as 500 

c c or more of thick necrotic material directly from the abscess cavitv 
itself. 

The patients in our study are divided into two groups: the first 
consisted of 140 patients with pulmonary abscess seen between Jan. 1, 
1925, and Dec. 33, 1930, inclusive, of whom 105 were treated bron- 
choseopically; and the second comprised 124 patients seen between Jan. 
1, 1931, and Dee. 31, 1938, inclusive, of whom SS were treated bvon- 
choscopieally. The purpose of the division was (1) to determine 
whether an abscess that had once been classified as responding satis- 
factorily to bronchoseopic drainage was likely to recur after a ten-year 
period, and (2) to determine whether or not we had been able to im- 
prove on our bronehoseopie technique so far as results were concerned. 
Approximately the same percentage of patients in the two groups was 
subjected to bronchoscopy; namely, 75 per cent in the first group and 
71 per cent in the second. The results obtained by bronehoseopie drain- 
age have been approximately the same in the two periods and will he 
discussed later. It is frequently stated that a pulmonary abscess that 
has been treated successfully by bronehoseopie drainage will often recur 
after the treatment has been discontinued. In our experience this has 
not proved true, because only one patient that we classified as having 
been treated successfully by bronehoseopie drainage in the period be- 
tween 1925 and 1930 suffered a recurrence during tiie following ten 
years; and in this instance the abscess did not recur at the site of the 
original lesion but was found in the opposite lung many yearn later. 

SEX INCIDENCE 

As might be anticipated, we found that pulmonary abscess occurred 
much more frequently in men than in women. In our study there were 
three times as many men as women. 


AGE INCIDENCE 

No age group is exempt from the ravages of pulmonary abscess. It 
will be observed in Table I that there was a definite increase in the 
incidence after the second decade of life and that the maximal numbers 
of cases in our study occurred during the fifth decade. The youngest 
patient was IS months of age, and the oldest 74 years of age. Cutler 
and Gross expressed the opinion that the prognosis of pulmonary ab- 
scess is far better in young adults than in any other age group. 'I his 
is contrary to our observations, as the best results that we obtains 
occurred in the fifth decade. 

ETIOl.OOV 

No attempt will he made to discuss the 
* aa w abscess occurs. Such an a <mp 


mechanism by which puf- 
would he especially t utile 


mona 


inasmuch as the nu 


iajority of the patients in our s 


tudv were not oh- 
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Table I 


Age Distribution of Pulmonary Abscess in 193 Patients Treated 
Bronchoscopically 


AGE IX YEARS 

XO. OF PATIENTS 

0-10 

7 

11-20 

10 

21-30 

36 

31—10 

44 

41-50 

5S 

51-60 

26 

61-70 „ 

10 

71-80 

2 

Total 

193 


served until some time following the development of the abscess. A 
review of the etiologie factors concerned in the development of pul- 
monary abscess is summarized in Table II. It is interesting that the 
cases which followed surgical procedures approximately equaled in 
number those which did not follow operation. Tonsillectomy was the 
most frequent etiologie factor in our series of cases. In approximately 
90 per cent of the cases in which pulmonary abscess followed tonsillec- 
tomy, the operation had been carried out under general anesthesia. 
This is not surprising for, as Myerson has pointed out, aspirated material 
can be demonstrated almost invariably in the tracheobronchial tree fol- 
lowing tonsillectomy. Kernan expressed the opinion that the post- 
tonsillectomy abscess responds more satisfactorily to bronchoscopic drain- 
age than any other type. In our experience, however, no marked corre- 
lation was noted between the etiologie factor and the response of the 
abscess to bronchoscopic drainage. 


Table II 

Originating Cause of Pulmonary Abscess in 264 Cases Reviewed 


following operation 1 

NOT FOLLOWING OPERATION 

PROCEDURE 

NO. OF 
CASES 

ETIOLOGIC FACTOR 

NO. OF 

CASES 

Tonsillectomy 

00 

Pneumonia 

52 

Dental extraction 


Acute upper respiratory in- 
fection 

29 

General surgical procedures 


Trauma 

3 

Post partmu 


Foreign body 

Aspiration of secretion 

6 

5 




Unknown 

41 

Total 

1 128 (48%) 


136 (52%) 


The location of a pulmonary abscess is of the utmost importance in 
determining whether or not bronchoscopy is advisable. It is obviously 
unwise and unjust to attempt bronchoscopic drainage if the abscess is 
located in such a position that it cannot be reached bronchoscopically. 
Bronchoscopy would be clearly indicated if it were used for no other 
purpose than diagnosis, for Kramer and Olass have demonstrated that 
die bronchial distribution to the lobar divisions is constant in approxi- 
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mately 85 per cent of cases. If one can determine from which bronchus 
the purulent secretion is exuding, one can localize the abscess in rela- 
tion to the chest wall in a highly accurate manner. We were able to 
establish the exact location of the pulmonary abscess in 229 of the 261 
cases included in our study, and the classification as to location in the 
229 cases is indicated in Table III. 

Table in 


Location' op Abscess as Determined in 229 Cases 


LOCATION 

NO. OK CASES 

Right lung, upper lobe 

19 

Right lung, middle lobe 

21 

Right lung, lower lobe 

G4 

Left lung, upper lobe 

r>2 

Left lung, lower lobe 

■12 

Multiple 

31 

Total 

220 


The right lung was the most frequently involved, the lower lobe being 
the site most frequently selected. Our experience was similar to that 
of Lukens, that the poorest results as far as bronchoscopie treatment is 
concerned were obtained in cases in which the abscess involved the 
lower lobe of the left lung. Contrary to expectation the best results 
were obtained in those eases in which the abscess involved either the 
middle lobe of the right lung or the upper lobe of the left lung. A 
most interesting observation was that slightly better results were ob- 
tained in the bronchoscopie treatment of multiple pulmonary abscesses 
than in that of single pulmonary abscess. 


RESULTS OP BROXCHOSCOPIC TREATMENT 

In order to evaluate properly the benefit to be derived from broncho 
eopie treatment of pulmonary abscess, it is necessary to observe the 
latients over a sufficiently long period of time. One may often obtain 
very striking benefit after a single bronchoscopie aspiration and b. 
aisled into believing that the patient is well on the way to recovery 
Such may be the case for a short period of time, but a recurrence may 
requentlv take place at this stage. Franklin has -shown that, in spit.' 
,f the fact that a pulmonary abscess appears clinically and roentgeno 
copically to have cleared up, an .abscess cavity can still he demon 
rated following instillation of iodized oil. The factor ot m-urrene. 

Q ..... t . lken into consideration in the classification as to results oh 
m b l . 0 "w opie treatment in our study. The percentage ot 
amed fioi 1 Afj ,ii astl - at etl in the group ot Ufa «ws 

to bronehoscopU'a.I.v W« IMl. > 

ui which the , there a recurrence of the absce.-w. 

1 case classified as imp ^ fop tl)0 ,, patients who have no 

The term cured has . t|l0SC in w hom the roentgeno- 

residual pulmonary b > rn f' 0 ^ ! < t for a small area of residual 

graphic changes present m the 
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thickened pleura, have returned to normal. The patients classified as 
improved may have a mild residual pulmonary symptom, such as occa- 
sional cough or occasional expectoration, or there may he incomplete 
disappearance of the roentgenographic findings (Figs. 1, 2 and 3). 

The results that we obtained in 193 eases in which the patients were 
treated bronehoscopically are listed in Table IV. These figures indeed 
present an encouraging outlook. They are not unusual, as is readily 
apparent from a review of the literature, but are in close agreement 
with the results that have been imported previously by Moersch, Clerf, 
Tucker, Kernan, and other observers. Indeed, they compare most favor- 
ably with the results obtained by surgical treatment as reported by 
Allen and Blackman, Cutler and Gross, Muller, Lambert and Miller, 
Moore and others. 

A review of the results obtained in treatment of pulmonary abscess 
during the period between Jan. 1, 1925 and Dec. 31, 1930, inclusive, 
during which 105 patients suffering from putrid pulmonary abscess 
were treated bronehoscopically, revealed that satisfactory results were 
obtained in 65.5 per cent of the cases and that the mortality rate was 
5.7 per cent. Sixty-one and one-half per cent of the 88 patients treated 
bronehoscopically during the period between Jan. 1, 1931, and Dec. 31, 
1938, inclusive, obtained satisfactory results, and the mortality rate was 
3.3 per cent. In other rvords, very little improvement has taken place 
during the past decade in our ability to cope with this lesion broncho- 
scopically. 

Table IV 


Results Obtained From Bronchoscopic Treatment in 193 Cases 



RESULTS 

NO. OF CASES 


Satisfactory 

Cured 

2 } 64% 


Improved 


Unimproved 

5 gj 31% 


Questionable 


Dead 

9 5% 


Total 

193 


In 5 of the 9 eases in which patients died, as indicated in Table IV, 
empyema was associated with the abscess, and probably an attempt to 
treat these patients bronehoscopically should not have been made. In 
the remaining 4 cases, pneumothorax and pulmonary edema caused the 
deaths of the patients. 

We found that the duration of the pulmonary abscess before treat- 
ment was instituted was the most deciding factor in the prognosis. This 
apparently applies both to surgical and to bronehoscopic management 
of pulmonary abscess. The duration of the abscesses at the time the 
patients came under observation is listed in Table V. The shortest 
period was one week and the longest was ten years. That the duration 
of the abscess is an important factor in prognosis is well exemplified by 
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PRIMARY SARCOMA OP TUB STOMACH* 

A. L. Cameron, M.D., and P. ,J. Breslich, M.D., Minot, N. D. 

(From Department of Surgery, Xorthwest CtinicJ 

'VYy r ^' HAVB been stimulated to investigate the subject of sarcoma of 
the stomach through observing two eases during the last seven 
years among 135 malignant gastric tumors. 

1 lie purpose of this paper is to report these two cases and to review 
101 ease reports found in the literature of the last ten years, with par- 
ticular reference to pathology, treatment, and results. 


Cask 1.— P. I.., male, aged 4S years, was seen Dee. 7, .1932, because of an at- 
tack of severe abdominal pain which had begun twenty-four hours before and which 
was followed by abdominal distention, nausea, vomiting, chills, and fever. At 
irregular times during the past fifteen years he had had attacks of severe pain, just 
to the left of the umbilicus, which lasted no longer than a few hours and were 
relieved by bowel movements. No vomiting accompanied these attacks. Intervals 
of two years occurred between them. About four weeks before admission pain 
again appeared to the left of the umbilicus and had continued more or less ever 
since. It was sharp for short intervals only. It was not aggravated by food 
taking and was relieved by bowel movements. A mild constipation had been present. 
No blood had been observed in the stools. During the last few weeks he had worked 
a little in spite of his continued abdominal discomfort. For three days before 
admission the abdominal pain had become colicky and more severe. It was in the 
lower abdomen. Two days before a laxative was taken. A bowel movement occurred 
with some relief temporarily. Soon, however, the pain recurred in more severe 
form and was accompanied by nausea and vomiting, which were soon followed by 
abdominal distention and chills and fever. His condition became acute and he 
entered the hospital. He appeared to be quite sick. His temperature was 100° F. 


and his pulse was 120. The entire abdomen was tensely distended, tympanitic, 
and extremely tender. No rebound tenderness was elicited. No definite mass could 
be felt. No sounds were heard upon auscultation. Hemoglobin was 55 per cent; 
erythrocytes, 4,000,000; leucocytes, 15,S00; differential count, normal. A plain 
roentgenogram of the abdomen was normal. The patient was observed for twenty- 
four hours and then the abdomen was explored through a right rectus incision 
without a definite preoperative diagnosis. Intestinal obstruction was suspected but 
not found. A very large immobile, nodular mass was felt in the upper abdomen 
to which the transverse colon was intimately attached. The intestines were greatly 
distended. The condition was evidently hopeless and the abdomen was closed. 


Death occurred on the fifth postoperative day. 

Jutopsy .— In addition to an unaccounted for generalized peritonitis there was 
found a tumor mass of the stomach. It was both intra- and extraluminal. The 
intraluminal polypoid portion projected from the posterior wall ^r the esser 
curvature and measured 10 cm. long, 4.5 cm. wide, and 4 cm. thick. It exttnde 
from near the cardiac orifice to within 4 cm. of the pylorus. Its mucosal corering 
nl exeunt for a craterlike ulcer 2.5 cm. in diameter and 2.5 cm. deep 
nZ ttTcardia. The extragastric portion extended posteriorly and downward be- 

"~^Td before the Western Surgical Association at Los Angeles. Calif.. Dec. 16, 


1939. 
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romul nu.l spindle-shaped «c!Ih .supported l,y an ahun.1-.nt n 

"' ere :lls<) giant rolls with two Llei T 1 t ^ 
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was made, ° vs,s 01 s P m< tle cell sarcoma 



j-jg- 3. Case 2. Roentgenogram showing a large filling defect in the upper portion 

of the'greater curvature of the stomach. This evidence was not sufficient for positively 
determining the site of origin of the tumor. 


q ase g Cr. G., male, aged 62 years, was seen July 27, 3938. He had felt well 

until the last five weeks when, at first, his appetite failed and weakness developed. 
Soon a moderate weight loss of eight to ten pounds occurred. He continued to 
work for three weeks. Ten days before admission pain was first complained of. 
Tt ^neared after he had retired as a quite severe colic just to the left of the 
umbilicus It continued during the whole night. A physician was called. There 
™ uo special examination and no treatment was instituted. Ten days later, winch 
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was the day he entered the hospital, he had a second attack of abdominal pain which 
was similar to the first. The family physician this time felt a tumor. At no time 
had there been nausea, vomiting:, or any noticeable disturbance of the stools. The 
only noteworthy physical findings were evident weight loss and a large, firm, nodular 
mass in the left liypochondrium. It moved with respiration and was not tender. 
Hemoglobin was SO per cent; erythrocytes, 4,540,000; leucocytes, 13,700; differen- 
tial count, normal. One stool examination showed no occult blood. Roentgenologic 
examination after a barium meal showed a large filling defect in the upper portion 
of the greater curvature of the stomach. Some of the barium spread out over 
the region of the palpable mass and here the rugae were seen to be widely spaced. 



i - 


Fu'- 4. — Case 2. Photograph of the resected gastric segment involved by the sarcoma 
together with the attached spleen. 

Movement of the mass shifted the stomach and indicated an attachment between 
the two. Normal peristaltic waves were seen in the lower third of the stomach. 
There was no gastric residue at the end of six hours. This roentgenologic evidence 
was not sufficient for determining positively the site of origin of the tumor; it 
was thought, however, to arise in the stomach. A preoperative diagnosis was made 
of a tumor probably primary in the stomach but of undetermined type. Through 
an upper left rectus incision on Aug. 5, 1938, an enormous nodular tumor mass 
was exposed. All of the surrounding viscera were firmly and extensively adherent 
to it; particularly was this true of the spleen. The tumor was found to arise from 
the greater curvature of the stomach and to be resectable. A sleeve type of re- 
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Table I 

Case Reports of Primary Sarcoma of Stomach Collected From 
Literature Since 1930 


AUTHOR 


NO. OF 
CASES 


AUTHOR 


NO. OF 
CASES 


Askey, Hall, and Davis 1 

Balabon 1 

Barzell 1 

Basso 1 

Baumgartner 1 

Blasi 1 

Brereton 1 

Brocai 1 

Bukowski 1 

Cabot Case 1S262 1 

Cabot Case 19222 1 

Cabot Case 19372 1 

Cabot Case 19101 1 

Cabot Case 20171 1 

Cabot Case 21112 1 

Cabot Case 23312 1 

Cabot Case 23512 1 

Cabot Case 21501 1 

Cardillo o 

Case 1 

Cazzamali 1 

Clieever \ 

Clar ! 

Collins 1 

Collins and Carmodv 2 

Comando ’ 1 

Counseller and Collins 1 

D’Aunoy 4 

Drane * 1 

Edwards and Wright 1 

Eedorow j 

Eiessinger and Bergeret 1 

Forbes j 

Freeman 1 

Glenn and Douglas i 

Golob ° j 

Gosset et al. j 

Hameed 4 

Harney 

Howard and Speer 1 


Hunt 1 

Husted 1 

Iacobovici and Stoia 1 

Johnson et al. 1 

Jones and Carmody 1 

Jordan 1 

Karpe 1 

IClimko 1 

Lawson 1 

Lefort 1 

ilatyas 1 

Alelnick 1 

Mendelson 1 

Middleton ^ 2 

Pack and JleNeer 7 

Pattison 2 

Phillips 2 

Phillips and Adam 1 

Phillips and Kilgore 1 

Pick 1 

Ransohoff and Dickson 2 

Beeves 2 

Keutsehler and Travis 1 

Roffo and Gondolfo 1 

Borneo 1 

Schiff and Foulger 1 

Schultz 1 

Shioda 1 

Singer 1 

Spitzenberger 1 

Suck 1 

Taylor 5 

Venable 1 

Yoeckler 4 

Wagner 2 

Walters and Church 1 

Yardumian 2 

Zelllioefer 1 

Zoph et al. 1 


According to current opinion 1 to 2 per cent of all primary gastric 
malignancies are nonepithelial tumors. There are approximately 400 
case reports in the literature, of which more than one-fourth have been 
published during the last ten years. 

nonepithelial tumors of the stomach do not all reveal histologic evi- 
dence which is final concerning their malignancy. Malignant forms are 
occasionally confused with anaplastic carcinomas. 

Benign tumors not infrequently and carcinomas only occasionally, 
therefore, may be erroneously included in this as well as in all other 
such collections. 

Confusing terminologies and classifications reveal the unsettled state 
°t this subject among pathologists. We are not concerned here with these 
controversial matters, which for the most part are of academic interest 
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section, which included the adherent spleen, was performed. An uneventful re- 
covery followed. The patient gained twenty-eight pounds and felt well during 
tlio following eight months. At this time roentgenologic examination after a 
barium meal showed nothing abnormal except a small stomach. Soon afterward 
lie began to fail. lie was next examined eight months later, which was sixteen 
months after he was first seen and operated upon. A tumor was palpated at the 
site of the lirst mass and x-ray examination revealed evidence of a recurrence in 
the stomach. A second operation on Nov. 17, 1939, confirmed these findings. Sev- 
eral metastatic deposits were observed in the liver. The immediate convalescence 
from the exploratory laparotomy was uneventful. Death occurred two months later. 



5 2 High power photomicrograph of leiomyosarcoma of the stomach. 

Mafsfs oTs^ndle-shrped cells are arranged in interlacing bands and whorls. Mitotic 
llgures are abundant. 

Tim mass removed at the first operation, including the spleen, weighed 2.150 Gm 
I measured 20 cm. long, 10 cm. wide, and 13 cm. thick. The spleen was normal 
• ' The tumor was found to be of gastric origin. The stomach mucosa over 

!' 1 S . , The museularis was completely infiltrated by the growth. A central 

it was i ‘ ■ teJ> was foull< j to contain necrotic tumor tissue. The whole 

cyst 10 cm. Microscopic examination revealed masses of spindle-shaped 

tumor was miM * - * ■ ^ ^ „. horls . Thc nuclei were oval, varied con- 

cells arranged m intern i « # gra , iu ] ar scattered chromatin. The cyto- 

siderably m size, an ‘ fio . ures werfi abunda „ t . Morphologically the cells 

plasm was abundan . origin. Tlie tumor was seen to arise in the mus- 

suggest those of snl ° 0th ™ s US raucosa g covering was very thin but intact Diagn^U: 
cularis of the stomacl . ^ No evidence of metastases was found at the 

iJSST- 
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cell differentiation. Clinically and surgically, however, they are indis- 
tinguishable and, therefore, are considered here as one inseparable class 
in which are found thirty-nine of the 104 collected cases. 

Sex incidence is not noteworthy. The average age at the time of hos- 
pital admittance w r as 48.4 years. The } T oungest patient was 13 years of 
age and the oldest 70 years old. About three-fourths of the cases were 
in their fifth, sixth, and seventh decades. 

For the most part these spindle-cell sarcomas when seen at operation 
or autopsy are large or massive bulky growths which protrude outwardly 
to a very marked degree in about one-half the eases and considerably 
less often project within the gastric lumen to form respectively the so- 
called exo- and endogastrie masses. The former attain the largest size 
of any stomach tumors. They are occasionally described as being as 
large as a fetal or an adult head and very exceptionally may weigh as 
much as 6,000 6m. Spindle-cell sarcomas of small size are rarely seen. 
Peduneulated attachments are not infrequent and usually involve only 
a few square centimeters of stomach wall even when the tumor itself is 
of enormous size. Growth is by expansion, encapsulated for the most 
part, and seldom by infiltration or invasion. In extending beyond the 
stomach at the curvatures these exogastrie tumors very often penetrate 
between the leaves of the gastrocolic and gastrohepatic omentum. 

Any pai-t of the stomach may be the site of origin. The proximal 
divisions seem to be most frequently involved. The orifices, oftener the 
cardiac, are occasionally encroached upon but rarely if ever obstructed, 
due in large part, no doubt, to the absence of an annular arrangement. 
Multiple growths are rare. 

Since these tumors arise from the deeper layers of the gastric wall, 
involvement of the mucosa and serosa, which is frequent, is always sec- 
ondary. Sooner or later the mucosa overlying these tumors usually be- 
comes involved by single or multiple ulcers which give rise to the bleed- 
ing which complicates over one-half of these usually very vascular 
tumors. This bleeding is often intermittent over a period of months and 
years and is usually considerable or massive. The serosal surfaces are 
frequently extensively adherent to the surrounding viscera and peri- 
toneal surfaces. 

Extensive degenerative changes occur in a large percentage of the 
growths to form hemorrhagic and necrotic single or multiple cysts which 
sometimes become infected and abscessed. These cystic changes of stom- 
ach sarcomas are apparently limited to the spindle-cell variety. Deep 
sinus tracts may extend from the gastric lumen into the degenerated 
tumor. Xecrosis may be extensive but seldom leads to perforation. 

Hetastases are noteworthy because of their relative infrequency and 
apparent predilection for the liver. Only 8. or 20.5 per cent, of these 
tumors gave rise to secondary deposits which were found in the liver as 
well as elsewhere in 7 instances. Metastasis to the right lung in 1 case 
constituted the only instance of an extra-abdominal occurrence, 
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Table II 
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No. 
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21 ) 

Percentage 

74.33 
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10 

Operative 
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operative 
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of tumor 
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4 

age of explora- 
tory operative 
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ated cases (ali 
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1 
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1 

30 
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o 

0 

12 

n;.<; 57 

0 97 
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0 

0 

1 
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Tlie spindle-cell sarcomas arise from smooth muscle and connective 
tissue of the ordinary and perineural variety and include the tumors 
usually referred to as leiomyosarcoma, fibrosarcoma, and neurogenic 
fibrosarcoma. Among other names in current use for these same tumors 
are malignant leiomyoma, myosarcoma, myogenic sarcoma, myoblastie 
sarcoma, 0 fibroblastic sarcoma, fusoeelhdar sarcoma, fibrosarcoma of 
neurogenic origin, and malignant Schwannoma. Not infrequently a 
histologic distinction cannot be made between these varieties of spindle- 
eeli tumors, particularly in instances of rapid growth and incomplete 
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all other collections are the malignant tumors of lymphoid origin which 
here number 47, or 45 per cent of the total. About three-fourths of them 
are diagnosed lymphosarcomas, while the remaining bear such names as 
malignant lymphoma, malignant lymphoblastoma, malignant lympho- 
eytoma, reticulum cell sarcoma, and lymphogranuloma or Hodgkin’s 
disease'. While microscopic differences do exist within this group, it is a 
question how far one should go in expressing these differences in his 
terminology. The considerable confusion which exists is due not alone 
to a multiplicity of names but to a lack of uniformity in meaning of the 
same name when used by different authors or by the same author at dif- 
ferent times. Whatever may be the final decision as to whether or not 
all the tumors in this group represent the same underlying disease 
process and whether or not the histologic differences noted are of more 
than academic interest, we believe that the evidence now available justi- 
fies for our purpose considering them as an undivided group. -Males pre- 
dominate better than two to one. The average age was 42.5 years. The 
youngest patient was 3 years and 8 months old and the oldest was 72 
years old. Few such tumors occur in the first and eighth decades, but 
they are found fairly well distributed throughout the intervening dec- 
ades with a preponderance in this collection in the third and sixth. 

They are for the most part single, flattened, diffuse, infiltrative masses 
which arise from the deeper layers of any part of the stomach, most fre- 
quently, however, on the lesser curvature and in the distal third which 
contained a part or all of the tumor in two-thirds of this collection. 
Saddle formations at the curvatures with extension to both walls is the 
rule and single wall involvement the exception. Twenty to twenty-five 
per eent of the tumors are annular and as such occur in most instances 
at the pylorus, producing, along with other stenosing types wherever 
located, an occasional obstruction, which is seldom high grade. 

The large size which these tumors occasionally attain is usually due 
to a more or less uniform or nodular thickening of a large part of the 
stomach, and less often to a massive projection from a more or less 
limited area. Exogastric and endogastric lymphoid sarcomas are there- 
fore infrequent and very rarely, if ever, pedunculated. Infrequently 
leather bottle types and small sharply circumscribed tumors occur. 

The overlying mucosa is commonly invaded by tumor cells. Ulcera- 
tion occurs in over one-half the cases and is frequently superficial but 
extensive and only occasionally craterlike and deep. About one-third 
ot the tumors bleed. Hemorrhages are large or massive in about one- 
half of them, and only a few bleed intermittently. 

The serosa is invaded in less than one-third of the eases with adher- 
ence usually to adjacent surfaces. 

The central degenerative changes so common in the spindle-cell type 
were not mentioned in a single instance among these 47 sarcomas of 
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Regional lymph nodes 
Liver 

Retroperitoneal lymph 
nodes 

Mesenteric lymph nodes 

Lung 

Spleen 

Diaphragm 
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Gall bladder 
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Peritoneum 

Ureter 

Inguinal lymph nodes 
Peritoneal lymph nodes 
Pelvic lymph nodes 
Supraclavicular lymph 
nodes 

Epicardium 
Medullary cavity long 
bones 
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0 

0 
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1 

0 

0 

0 

1 

0 

1 

0 

0 

I 

0 

1 

0 

0 

I 

0 

1 

0 

0 

1 

0 

1 

0 

0 

I 

0 

1 
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0 
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0 
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0 

1 

0 

1 1 

• 1 

0 1 
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While radiation is very effectively applied to sarcomas of the stomach 
of lymphoid origin, it lias found practically no place in the treatment of 
the spindle-cell type. Surgical extirpation by resection or excision is 
the only curative procedure practiced and was employed in 29 of these 
39 cases, which gives an operability of 74.3 per cent. Three, or approxi- 
mately 10 per cent, suffered operative fatalities. Fifteen were followed 
for less than six months, if at all. Only 5 were reported to be living and 
well for a year or more postoperativel.v and only 1 of all these 39 cases 
of spindle-cell sarcoma was reported to be living and well longer than 
five years. These extremely poor results may be more apparent than 
real in view of the high percentage of incomplete reports. In spite of 
this they are noteworthy, particularly because of the actual and rela- 
tively high percentage of operability of tumors of low-grade malignancy. 

The largest division of sarcomas of the stomach in this as well as in 
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Cases Wit ii Known Metastases at Operation on Autopsy 
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lymphoid origin. There were 4 instances of perforation in 3 individuals; 
m 1 with recurrent perforation tin's complication followed soon after 
x-ray therapy. 

Metastases are about twice as frequent as in the spindle-cell type, 
occurring in 40.4 per cent. With three exceptions they were limited to 
the abdomen, usually to the regional lymph glands. 

f f hirty-one, or approximately two-thirds, of the tumors were operable. 
Twenty-nine were removed by some form of gastric resection and 1 by 
excision. A first stage fatality prevented removal in one instance. Seven, 
or 22.5 per cent, of these 31 cases suffered operative fatalities. Eleven 
were followed for six months or less, if at all. Eight, or 25.8 per cent, 
were living and well for a year or more postoperatively and one-half this 
number for five years or longer. Metastases were encountered in only 1 
of these S survivors ; he was living and well three years postoperatively 
and had had no radiation therapy. Radiation in the form of postopera- 
tive x-ray therapy was given to only 1 of these 8 cases; it was given in 
the absence of any known metastases and with a known survival period 
of one and one-half years. These facts alone, therefore, do not warrant 
any conclusions for or against postoperative radiation therapy in the 
treatment of this kind of malignancy. Malignant tumors of lymphoid 
origin, however, are known to be, as a rule, sensitive to radiation and 
positive proof of this is found in 4 of the 11 tumors which were sur- 
gically hopeless at operation. Radiation therapy alone resulted in 1 ap- 
parent six-year cure and 2 satisfactory survivals of more than one year. 

A foni'th survivor was living but not well for six and one-half years. His 
is a most interesting case. At operation there was found, in addition to 
an apparently hopeless reticulum-cell sarcoma of the stomach, a perfora- 
tion of the same which was closed. Inadequate x-ray therapy is stated 
to have been given postoperatively and to have been repeated one year 


later in a series of ten treatments. Soon afterward a second perforation 
occurred near the site of the first and was successfully treated surgically. 
One is justified in suspecting that the second perforation may have re- 
sulted from a softening of the malignant stomach lesion incident to the 
radiation which was received, since such complications in hollow viscera 
under these circumstances have been known to occur. Because of this 
danger some radiologists prefer to radiate such cases after the removal 
of the primary growth rather than before. 

From these data we learn that 6 of 47 (1 2.7 per cent) eases with 
malignant stomach tumors of lymphoid origin survived for five years or 
mn Jr after the institution of treatment, which consisted of surgical re- 
“ i oW in four instances and of radiation alone in 2 instances, 
moval „ ooc p are much better than in the spmdle-eell 

These resn s » thg contention that the greatest percentage of five- 

£ fowl « tte tumors of lymphoid ori s i» Met or. 

judged the most malignant. 
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and 1 by excision. One was living and well nearly three years and was 
the only one who survived a year. 


SUMMARY 

Primary malignant uonepithelial stomach tumors comprise about 1 
to 2 per cent of all gastric cancers. Most of them are either spindle-cell 
sarcomas of connective tissue or smooth muscle origin or tumors which 
arise from lymphoid tissue. Round-cell sarcomas of smooth muscle and 
connective tissue origin and angiosarcomas occur less frequently. 

The degree of malignancy ot the spindle-cell type is low. The opera- 
bility of both groups is notably high. Radiation therapy is very effec- 
tive in some of the tumors of lymphoid origin. 

In spite of these several factors which are very favorable for cure, the 
results of treatment in both groups are very disappointing. 

Of 104 collected and 2 personally observed eases, there were 6 five- 
year survivals, 1 among 41 with spindle-cell sarcomas, and a among 47 
with malignant tumors of lymphoid origin. 
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IXUlcnerat.on of a Myoma of the Stomach), Arch. f. klin. Chir . 182: 40S^ 
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CISTERNAL ENCEPHALOGRAPHY 

Utilization of Spontaneous Filling of Ventricles With Air 

Following Withdrawal of Fluid by Cisternal Puncture 

Richard H. Young, M.D., Omaha, Neb. 

TN 1932 Schaltenbrand 1 called attention to the fact that cerebrospinal 
* fluid withdrawn by cisternal puncture, with the patient in the sitting 
position, allowed the spontaneous introduction of air into the ventricles. 
This observation was utilized by Schaltenbrand in the development of 
a method of encephalography that allowed the use of a small amount 
of air (30 to 40 e.c.) and was designated by him as the “small” cisternal 
encephalogram. This procedure has been utilized to a considerable 
extent in Germany and in Scandinavian eounti'ies but has had little 
use in America. According to Schaltenbrand, this method is indicated 
in eases of progressive cerebral disease without marked increase of 
intracranial pressure other than epilepsy, suspected cortical atrophy, 
and suspected pachymeningitis. The method was described as contra- 
indicated in marked arteriosclerosis and marked increase in intracranial 
pressure. 

The use of this procedure in twenty-two cases over a period of the 
past year has allowed the employment of this method in a variety of 
cases and provides the experience on which this paper is based. 

METHOD 

In the patient without increase in intracranial pressure the cisternal 
pressure is approximately 0 in the sitting position. The withdrawal of 
cerebrospinal fluid creates a negative cisternal pressure, causing air to 
be drawn through the needle into the subarachnoid space until the 
pressure is again atmospheric. As a result, the only equipment needed 
is a 10 e.e. syringe to withdraw the cerebrospinal fluid from the cistern. 

Medication: Two hours before the encephalogram sodium amytal, 
0.2 flm., is given by mouth. Twenty minutes before morphine sulfate, 
0.010 Gnu, and scopolamine, 0.0003 6m., arc given hypodermically. 

The patient is placed in a sitting position, either in bed or in a 
special chair, such as is used for lumbar encephalography. A nurse, 
with a hand on either side of the head, maintains its proper position of 
slight flexion of the neck. After proper preparation of the puncture 
site a eisternal puncture is made in the usual manner. Because of the 
lack of spontaneous flow of cerebrospinal fluid, special care must be 
exerted during the puneture, the syringe attached to the needle, and 
attempts made to withdraw fluid. When cerebrospinal fluid is obtained, 
10 e.c. is slowly withdrawn and the syringe then disconnected from the 
needle. By listening closely, air can be heard bubbling through the 

H, -com',) for publication, oct. j i, isio. 
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lower leit facial weakness. Motor reactions showed a mild left hemipnresis. There 
was au increase in the deep reflexes on the left, with ankle clonus and a left Babinski 
response. There was an uncertainty in the left ftnger-to-nose test, but no true 
ataxia. There was a decrease in position sense on the left, with astereognosis. 

A lumbar puncture was done and was said to have shown a normal pressure 
and dynamics. The cell count was 3; globulin, negative; AYassermann, negative; 
colloidal gold curve, 0000000000. 

A small cisternal encephalogram was done on Dee. 13, 1039, at which time IS 
c.c. of cerebrospinal fluid were withdrawn. The x-ray report revealed no air in 
tlie right ventricle, but the left lateral ventricle and the third ventricle were dis- 
placed to the left (Fig. 1). A diagnosis of a deep-seated right parietal tumor 
was made and operation was advised. 



Eiff. 1. — Case 1. Visualization of displaced left lateral ventricle, after withdrawal of 
IS c.c. of cerebrospinal fluid. 

On Dec. 21, 1930, an osteoplastic flap over the right parietal area was made 
by Hr. L. I). McGuire. The tumor was classed as inoperable, a decompression was 
done, ami the patient was returned to his room. On the following morning, the 
patient died. 

At the post-mortem a tumor was encountered in the extreme posterior end of 
the parietal hone flap. The tumor was covered by about 2 mm. of cortex, was 
approximately 1 cm. in diameter, and extended about 4 cm. into the brain substance. 
Tile location was in the posterior parietal region and did not extend into the 
occipital lobe. The entire right cerebral hemisphere was markedly enlarged and 
edematous. The lateral vent rich- was almost obliterated l,v the ’marked” edema 
The pathologic report of the tissue was spongioblastoma multi forme. 
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needle as it is being drawn into the cistern. When air no longer can 
be heard passing through the needle, the syringe is again connected to 
the needle and 10 e.e. more of cerebrospinal fluid is withdrawn This 
procedure is repeated until the desired amount of fluid (usually 30 to 
40 c.c.) has been obtained. 


Immediately following the removal of the needle from the cistern 
appropriate roentgenograms are taken. With the small amount of air 
used, it is necessary to take films in the horizontal as well as in the 
vertical position. It is only in the horizontal position that the temporal 
horns may be visualized. 


OBSERVATIONS 


In the majority of eases in which this method of encephalography 
was performed, the procedure was utilized to differentiate brain tumor 
from an inflammatory or degenerative disease of the cerebrum. In 
no ease was the cerebrospinal fluid pressure over 20 mm. of Hg or 250 
mm. of water. While the usual procedure was to withdraw 30 to 40 c.e. 
of cerebrospinal fluid, it was possible to obtain very informative enceph' 
alograms with the withdrawal of as little as 15 c.c. in certain cases 
of brain tumor. 

With the use of this method there was not the degree of distress 
or shock that is associated with lumbar encephalography. Headache, 
while present, was not severe, vomiting was rare, and there has been 
little change in the state of consciousness. A significant lowering of 
the pulse rate has been infrequent and profuse perspiration with pallor 
has been rarely encountered. 

There has been a failure of the ventricles to fill in one case. This 
patient had a right frontal cystic astrocytoma which was verified by 
operation at the Mayo Clinic. At the time of cisternal encephalography 
only 12 e.c. of cerebrospinal fluid could be obtained, and this with 
difficulty. The x-ray examination showed air in the posterior fossa 
over the surface of the cerebellum. It has been Sclialtenbrand’s experi- 
ence that in those cases where there was a failure of the ventricles to 
fill with cisternal encephalography a similar failure resulted when 
encephalography was repeated by the lumbar method. 

The type of case in which cisternal encephalography was employed 
and the results obtained may be illustrated by the presentation of three 


ease reports. 

„ , g rp a 47 -year-ol<l druggist, had been well until four weeks prior to 

hi, admi^on to St Joseph Hospital on Nov. 27, 1039. The hospital record stated 
‘ four wee ks before lie had contracted influenza and lmd failed to show a good 
tl fc f . . Jl8 continued to lose weight and strength. Because of the corn- 

recovery, in difficulty in concentration, and nervousness, he had been ad- 

plamts of he, ’ m-trist Two weeks before admission there developed urgency 

vised to consu^^ a P^ Shortly thereafter, there was a slowly progressing 

left-sided weakness. fonsu i tat ion with Dr. G. W, Dishong, and on e.xamina- 

f a sligM WUrring ° f thC ° Ptk UnU “ ^ 
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two sides. Superficial reflexes were all normal in type. Coordination tests were 
well performed, although there was some unsteadiness in the right heel-to-knee 
test. Sensory status showed normal appreciation of all types of sensation. 

X-rays of the skull showed the anterior elinoid on the left to he slightly decal- 
cified; the pineal body was shifted 5 mm. to the right and 5 mm. posteriorly. 

A cisternal encephalogram was done, with the withdrawal of 16 c.c. of fluid. 
The cisternal encephalogram showed the ventricles shifted to the right, with ap- 
parent compression from the inferior and lateral sides of the left lateral ventricle, 
which was incompletely filled (Fig. 2). The third ventricle was not visualized. 
There was no evidence of air in the subarachnoid spaces over the hemispheres. 

From the neurologic examination and the cisternal encephalogram, it was felt 
that there was a rumor in the left central parietal region. 

On Sept. 6, 1939, a craniotomy was done by Dr. J. J. Keegan. A large oval 
pedicle flap was made over the left parietal region. At about 3 cm. depth in the 
left temporal parietal region a brain tumor was exposed and partially removed. 
A microscopic section of the tissue removed at the time of operation was diagnosed 
as astroblastoma. 

Comment . — In this ease the neurologic findings pointed to a left 
temporal parietal tumor. This was confirmed by the withdrawal of 
a small amount of fluid (16 e.e.) from the cistern, which showed a 
compression of the left lateral ventricle and a shift to the right. 

Case 3. — P. C., a 36-year-old business man, was seen Aug. 3, 1939, because of 
dimness in vision. Nine years before he first had noticed failing vision in his left 
eye. At that time he was found to have a beginning optic atrophy in the left 
eye with a gross defect in the lower visual field. A cisternal puncture showed nor- 
mal pressure, no cells, a protein at the upper limit of normal, and a negative 
Wassermann test. It was suggested that he might have an early multiple sclerosis. 
Subsequently, there was little change in vision until June, 1939, when there was 
an additional blurring in the right eye. 

The history by systems was negative and the general physical examination was 
likewise negative. 

The neurologic examination at this time showed a left optic atrophy and a 
slight papilledema on the right. Otherwise, the neurologic examination was nega- 
tive. 

A cisternal encephalogram was done, with the withdrawal of 50 c.c. of spinal 
fluid. X-ray films revealed that the ventricles were slightly enlarged, but normal 
in contour (Figs. 3 and 1). There was no apparent displacement of the median 
line structures. There was some filling of the subarachnoid spaces in the frontal 
area. The patient experienced no distress from this procedure and insisted on 
making a 150-mile drive to his home the following day. 

Comment . — The cisternal encephalogram was of diagnostic value in 
tliis ease which presented a Foster Kennedy syndrome. The encephalo- 
gram made it possible to differentiate between an inflammatory disease 
a 'id a subfrontal tumor. It is also remarkable that this man experienced 
little distress and insisted upon driving to his home, 150 miles away, 
the following afternoon. 

COMMENT 

Davidoff and Dyke 1 stated that good results in lumbar encepha- 
lography may be obtained with 70 e.e. of air. As little as 20 e.e. have 
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The withdrawal of m l is e . J « "f “ l ” ‘ * S c„ M ,,tiv„ disease. 

sufficient air to detect a ventricular shift. No air was^eaUn ' theri<ffit 
a eral ventricle but at autopsy the right ventricle was found to°be 

hlmfeplte 7 " maSSiTO ed6ma Which involved the whole right 



Fig. 2. — Case 2. Visualization of compressed and displaced left lateral ventricle (a) 
after withdrawal of 16 c.c. of cerebrospinal fluid. 


Case 2. — E. R-, a 2S-year-old fanner, entered the University Hospital Aug. 
13, 1939, complaining of headaches for one month, dimness of vision for two weeks, 
and forgetfulness. 

The history indicated he had been well until July 1, 1939, when he began to 
have headaches, which were chiefly frontal in location. Two weeks before coming 
to the hospital he had noticed ringing in both ears and seemed to experience diffi- 
culty in hearing. At about the same time he began to notice a dimness in vision 
and difficulty in seeing objects on his right. For the ten days prior to admission 
he had had severe headaches every day. 

Past history, history by systems, and family history were not remarkable. 

The neurologic examination revealed upper quadrant right homonymous hemianop- 
sia in the cranial nerves. There was papilledema of 2 diopters on the left and 
of 1 diopter on the right. There was apparent reduction of hearing on the left. 
Motor status showed normal motor power, without tremor or disorder in tone. 
Reflex status showed the deep reflexes to be somewhat exaggerated, but equal on the 
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two sides. Superficial reflexes were all normal in type. Coordination tests were 
well performed, although there was some unsteadiness in the right heel-to-knee 
test. Sensory status showed normal appreciation of all types of sensation. 

X-rays of the skull showed the anterior elinoid on the left to be slightly decal- 
cified; the pineal body was shifted 5 mm. to the right and 5 mm. posteriorly. 

A cisternal encephalogram was done, with the withdrawal of 16 c.c. of fluid. 
The cisternal encephalogram showed the ventricles shifted to the right, with ap- 
parent compression from the inferior and lateral sides of the left lateral ventriele, 
which was incompletely filled (Fig. 2). The third ventricle was not visualized. 
There was no evidence of air in the subarachnoid spaces over the hemispheres. 

From the neurologic examination and the cisternal encephalogram, it was felt 
that there was a tumor in the left central parietal region. 

On Sept. 6, 1939, a craniotomy was done by Dr. J. J. Keegan. A large oval 
pedicle flap was made over the left parietal region. At about 3 cm. depth in the 
left temporal parietal region a brain tumor was exposed and partially removed. 
A microscopic section of the tissue removed at the time of operation was diagnosed 
as astroblastoma. 

Comment. — In this ease the neurologic findings pointed to a left 
temporal parietal tumor. This was confirmed by the withdrawal of 
a small amount of fluid (16 e.e.) from the cistern, which showed a 
compression of the left lateral ventriele and a shift to the right. 

Case 3.— P. C., a 36- year-old business man, was seen Aug. 3, 1939, because of 
dimness in vision. Nine years before he first had noticed failing vision in his left 
eye. At that time he was found to have a beginning optic atrophy in the left 
eye with a gross defect in the lower visual field. A cisternal puncture showed nor- 
mal pressure, no cells, a protein at the upper limit of normal, and a negative 
IVassermann test. It was suggested that he might have an early multiple sclerosis. 
Subsequently, there was little change in. vision until June, 1939, when there was 
an additional blurring in the right eye. 

The history by systems was negative and the general physical examination was 
likewise negative. 

The neurologic examination at this time showed a left optic atrophy and a 
"light papilledema on the right. Otherwise, the neurologic examination was nega- 
tive. 

A cisternal encephalogram was done, with the withdrawal of 50 c.c. of spinal 
fluid. X-ray films revealed that the veutrieles were slightly enlarged, but normal 
m contour (Figs. 3 and 4). There was no apparent displacement of the median 
'me structures. There was some filling of the subarachnoid spaces in the frontal 
area. The patient experienced no distress from this procedure and insisted on 
making a 150-mile drive to his home the following day. 

Comment. — The cisternal encephalogram was of diagnostic value in 
"'is ease which presented a Foster Kennedy syndrome. The encephalo- 
gram made it possible to differentiate between an inflammatory disease 
a«d a subfrontal tumor. It is also remarkable that this man experienced 
''ttle distress and insisted upon driving to bis home, 150 miles away, 
d'e following afternoon. 

COMMENT 

Davidoft' and Dyke 2 stated that good results in lumbar encepha- 
lography may be obtained with 70 e.e. of air. As little as 20 e.e. have 
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two sides. Superficial reflexes were all normal in type. Coordination tests were 
well performed, although there was some unsteadiness in the right heel-to-knee 
test. Sensory status showed normal appreciation of all types of sensation. 

X-rays of the skull showed the anterior clinoid on the left to he slightly decal- 
cified; the pineal body was shifted 5 mm. to the right and 5 mm. posteriorly. 

A cisternal encephalogram was done, with the withdrawal of 16 c.c. of fluid. 
The cisternal encephalogram showed the ventricles shifted to the right, with ap- 
parent compression from the inferior and lateral sides of the left lateral ventricle, 
which was incompletely filled (Fig. 2). The third ventricle was not visualized. 
There was no evidence of air in the subarachnoid spaces over the hemispheres. 

From the neurologic examination and the cisternal encephalogram, it was felt 
that there was a tumor in the left central parietal region. 

On Sept. 6, 1939, a craniotomy was done by Dr. J. J. Keegan. A large oval 
pedicle flap was made over the left parietal region. At about 3 cm. depth in the 
left temporal parietal region a brain tumor was exposed and partially removed. 
A microscopic section of the tissue removed at the time of operation was diagnosed 
as astroblastoma. 

Comment. — In this ease the neurologic findings pointed to a left 
temporal parietal tumor. This was confirmed by the withdrawal of 
a small amount of fluid (16 e.c.) from the cistern, which showed a 
compression of the left lateral ventricle and a shift to the right. 

Case 3. — P. C., a 36-vear-old business man, was seen Aug. 3, 1939, because of 
dimness in vision. Nine years before he first had noticed failing vision in liis left 
eye. At that time he was found to have a beginning optic atrophy in the left 
eye with a gross defect in the lower visual field. A cisternal puncture showed nor- 
mal pressure, no cells, a protein at the upper limit of normal, and a negative 
Wassermann test. It was suggested that he might have an early multiple sclerosis. 
Subsequently, there was little change in vision until June, 1939, when there was 
an additional blurring in the right eye. 

The history by systems was negative and the general physical examination was 
likewise negative. 

The neurologic examination at this time showed a left optic atrophy and a 
^‘ght papilledema on the right. Otherwise, the neurologic examination was nega- 
tive. 

A cisternal encephalogram was done, with the withdrawal of 50 c.c. of spinal 
fluid. X-rav films revealed that the ventricles were slightly enlarged, but normal 
'a contour (Figs. 3 and -1). There was no apparent displacement of the median 
* ne structures. There was some filling of the subarachnoid spaces in tlm fronta 
area ; The patient experienced no distress from this procedure and insisted on 
making a 150-mile drive to his home the following day. 

Comment. — The cisternal encephalogram was of diagnostic value in 
th is ease which presented a Poster Kennedy syndrome. The encephalo- 
gram made it possible to differentiate between an inflammatory disease 
“ ud a subfrontal tumor. It is also remarkable that this man experienced 
httle distress and insisted upon driving to his home, 150 miles away, 
t,le lowing afternoon. 

COMMENT 

HavidofE and Dyke 2 stated that good results in lumbar encepha- 
“St'uphy may be obtained with 70 e.e. of air. As little as 20 e.e. have 
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been used by Fliigel, 3 and Davidoff and Dyke quote Cestan and Riser 
as using 30 to 40 e.c. Experience with the small cisternal encephalogram 
of Sekaltenbrand would indicate that the withdrawal of 30 to 40 c.c. of 
spinal fluid allows the introduction of sufficient air to visualize ade- 
quately the ventricles, provided films are taken in a horizontal as well 
as vertical position. 

This procedure has a definite appeal because of its simplicity in 
operation and the relative lack of distress or discomforting secpte2ae. 
These features allow a more general use of encephalography. 

An attractive feature is that the final cerebrospinal fluid pressure in 
the cistern is the same in all eases (atmospheric). This provides a 
certain control that is not present in other methods of encephalography. 

It is felt that the cisternal encephalogram reveals valuable information 
in eases of suspected brain tumor where the intracranial pressure is 
not remarkably elevated, and frequently the withdrawal of a small 
amount of cerebrospinal fluid (15 to 20 e.c.) is adequate. 

There are definite limitations in the use of this procedure. It would 
seem that the chief contraindications would be (1) presence of a 
high degree of intracranial pressure, (2) suspected posterior fossa 
lesions, (3) signs of a cerebellar herniation with symptoms of neck 
stiffness and pain. There are perhaps some objections to the use of 
the cisternal puncture, based upon dangers such as have been described 
by Dandy. 4 This method would have little use in cases where the chief 
interest is the cortical pattern, such as epilepsy, because of the tendency 
of the air to enter the ventricular system before entering the subarach- 
noid spaces. 

CONCLUSIONS 

1. The method of cisternal encephalography of Sclialtenbrand is 
described. 

2. Experience with this procedure would indicate that it has a place 
as a diagnostic method where visualization of the ventricular pattern 
would aid in differentiating types of intracranial pathology. 

3. The chief advantages of this type of encephalography are its 
simplicity, relative freedom from distressing symptoms, and the fact 
that the final cisternal pressure is the same in all cases. 

4. The use of a small amount of air by this method would allow more 
general employment as a diagnostic aid. 
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AN AUTOLOCKING SILVER CLIP 
Michael DeBakey, M.D., New Orleans, La. 

(From the Department of Surgery, School of Medicine, Tulane University ) 

IT HAS long been common knowledge that metallic silver is well 
tolerated by the tissues. Silver wire has been successfully employed 
as a suture material and for many years neurosurgeons have used silver 
clips for hemostatic purposes. The obvious advantage of using silver 
clips lies in their simple and effective application, particularly in situa- 
tions in which the performance of ordinary ligation is difficult or prac- 
tically impossible; also, their use permits considerable conservation of 
time and effort. However, these simple compressed folds of silver wire 
obviously cannot be employed upon large vessels, For this reason it 
would seem desirable to devise a silver clip which would assure a firm 
grip upon the tissue included in it and which could not open once it was 
applied. With this in mind an autolocking silver clip as described below 
has been devised. 


The clip is made from thin ribbons of silver of varying widths and 
cut in varying lengths, depending upon the necessary size. The silver 
band is folded to form an angle of approximately 45°. One end is pro- 
vided with a projecting tip approximately one-half the width of the 
silver band which is bent so as to point toward the opposite end (Fig. 1). 
This projecting tip acts as the locking device when the clip is closed. 
The clips are serrated on their inner surface to assure a firmer grip. 

The clip applicator consists of a handle attached to long square rods 


which have jaws at their ends (Fig. 2). The square rods are so con- 
structed that one slides within the other to produce opening and closing 
of the jaws. This is accomplished by the lever arrangement of one of 
the handles with the inner rod. The jaws are especially constructed 


with grooves into which the clip fits (Figs. 3 and 4). These grooves are 
approximately as deep as the clip is thick. In the lower jaw near the 
open end there is a second smaller, deeper, and narrower groove which 
is crescentic in shape and which serves the purpose of bending the 
projecting tip of the clip in the locked position when the jaws are closed 
fFivs 3 and 4). Another groove is also present in the rod to which 
the lower jaw is attached (Figs. 3 and 4). This groove is approximately 
, - At]l 0 f the clip and serves the purpose of receiving the angled part 
' .. as t0 ass nre greater stability of the clip when fitted between the 
0 ‘ where is also a thin bandlike spring in this groove which presses 
jaW ?' , ;m „i ec l part of the clip (Fig- 4) . The purpose of this spring 

f gall f c ii p firmly in place when fitted into the jaws and to expand 
is to keep i , I t j ie e jjp as it is pressed into the closed position, 

with the greater ^which would otherwise occur (Fig. 4). 
thus obviating ^instrument ; s extremely simple. The silver clips 

The operation ^ grooves of the open jaws. They spring in read- 
are easily fitted i A j f rom the open end of the jaws. The ves- 
il Y by being slipped back* a 

1 v T 1040. 

for publication. • ^ 
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sel or structure to be ligated is placed into the clip and the handles of 
the applicator compressed. As the jaws are forced into the closed 
position, the projecting tip of the clip tits into its corresponding groove 
on the lower jaw, which causes it to be bent around the lower end of the 
clip, thus automatically locking it (Pig. 4). 



Fig. 1. — Photograph of an autolocking silver clip. 



Fig. 2. — Photograph of an applicator containing an autolocking silver clip ready for 

use. 

The clip has been applied experimentally in the performance of 
various types of operative procedures. Subsequent examination has re- 
vealed the clips intact, surrounded by fibrous tissue. Total pneumonec- 
tomy has been successfully performed in dogs using only the clips on 
the hilar vessels as well as on the bronchi and some of the animals are 
still living, almost a year after the operations were performed. The 
clip has even been applied to the abdominal aorta in dogs and in no 
ease lias it slipped oft or failed to produce complete occlusion. No at- 
tempt will be made to give a detailed description of these experiments 
here as they will he presented in a subsequent report. 1 

The clinical application of such a clip is extensive and it is unneces- 
sary to indicate its varied uses. Obviously it is desirable to have avail- 
able various sizes of clips and corresponding sizes of jaws for their ap- 
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The Statistical Method 

A T THE beginning of the sixth chapter of the Anatomy of Science, 
G. N. Lewis writes: “I am going to speak of the application of a 
kind of mathematics which, while based on arithmetic, occupies an inde- 
pendent position of great significance. It is a subject which should be 
taught in every elementary school, but the average educated man has no 
knowledge of it except that which he may have derived from a practice 
which society regards as vicious. I refer to the theory of probability, 
of which the elementary principles are of daily applicability.” 

Wlide it is true that choice, chance, and probability had their origin 
in observations relative to gambling, their socially important uses today 
are in insurance, in dealing with all group phenomena, and in the re- 
duction of scientific observations. Not only are they not taught in ele- 
mentary schools, they are not taught today in the usual freshman and 
sophomore courses on mathematics in college, although thirty or forty 
years ago some account of them was often included in freshman courses 
on advanced algebra. The daily papers now print so much data from 
which inferences are drawn that some knowledge of statistics is really 
necessary to read the papers intelligently enough to avoid misinforma- 
tion. The like is true of medical and public health professional journals 
to such an extent that not only the investigator who writes the articles 
but the practitioner who reads them should have some knowledge of 
probabilities ; indeed, as many of the authors do not have sufficient 
knowledge of the subject to provide assurances for their inferences, the 
reader is under the unfortunate necessity of having some such knowl- 
edge himself or of having to accept or reject the conclusions quite blind- 
ly. One hesitates to urge that a curriculum so crowded as that of the 
medical schools should make place for a brief course on statistics, but the 
fact is that this has already taken place in some schools and seems likely 
to spread to others. Fortunately the elements of statistics are based 
directly on arithmetic, with only a modicum of school algebra, and are 
not so very hard to acquire, as Dr. Horace Campbell shows in this issue 
of the .Journal. 

— E. B. Wilson, Ph.D. 

Boston, Mass. 
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nervous, endocrine, vascular, and unclassified. It is highly probable 
that time and increasing knowledge will prove this classification is also 
incomplete. It is quite possible that a renal arteriolar lesion which is 
incapable of being detected by our present diagnostic methods may be 
the underlying factor in many cases of nonrenal hypertension. 

However, it should lie emphasized that the exact etiologic relation 
between many of the disease entities and hypertension is not always 
clearly or definitely established, for in some instances there is reason 
to believe that their presence may be coincidental or at least contro- 
versial. In fact, some writers even venture to suggest that essential 
hypertension is not a clinical entity. McCann is of the opinion that 
in 80 to 85 per cent of the eases of essential hypertension the underlying 
condition depends upon atheromatous narrowing of the larger renal 
arteries at or near the aorta and that in 15 to 20 per cent the trouble 
is due to unsuspected lesions of the kidneys or of the urinary tract. 

In the past two years the occurrence of various lesions in the urinary 
tract of patients suffering with hypertension has assumed greater etio- 
logie significance, as attested by the statistical studies of Schroeder and 
Steele, Williams and Harrison, and Maher and Wosika and the numer- 
ous case reports of Boyd and Lewis, Leadbetter, Nesbit, Bothe, Braasch, 
Crabtree, and others. 

INCIDENCE 

It has been only hi the past three years that attention has been 
directed to the occurrence of urologic disease in hypertensive patients. 
Wosika and Maher recently reviewed 600 eases of hypertension with 
especial reference to the causative or coincidental factors. They classi- 
fied 70.97 per cent (425 eases) as essential hypertension or hyperten- 
sion of unknown type. The remainder, 29.03 per cent (175 eases), 
were considered eases of secondary hypertension of which 16.5 per cent 
(99 cases) were examples of urologic hypertension and only 4.34 per 
cent (26) were eases of parenchymal renal disease; i.e., chronic nephri- 
tis, arteriosclerotic kidneys, etc. These authors subsequently published 
an analysis of the group of urologic hypertensive eases; i.e., 99 cases 
plus 2 cases of polycystic disease, a total of 101 cases, or 16.8 per cent, 
of a series of 600 cases. They observed that a single diagnosis seldom 
covered the entire urologic pathology' and that the major urologic lesions 
were those of obstruction, infection, or a combination of both. The 
largest group was of the obstruction type, and the approximate levels of 
obstruction in 72 cases were found to be in the kidney pelvis (5), 
ureters (IS), bladder inlet (9), bladder outlet (3S), and unclassified 
(29). Prostatic disease accounted for 31 eases, or 53 per cent, of the 
male patients with hypertension. The next largest group contained 
27 eases of chronic pyelonephritis and complications in which obvious 
obstruction was not readily demonstrated. Renal calculi occurred in 
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relative incidence of lij'pertensiou in association with unilateral renal 
lesions is presented and frequent reference to their findings is made 
elsewhere in this paper. 

Crabtree and Cliaset have recently attempted to evalute the hyper- 
tensive tendency in 150 consecutive nephrectomies for severe unilateral 
renal damage. In this series only 14 cases (9.3 per cent) showed pre- 
operative hypertension; viz., chronic pyelonephritis, 7 eases; hyper- 
nephroma, 6 eases; and tuberculous pyelonephritis, 1 ease. 

EXPERIMENTAL HYPERTENSION 

Before undertaking a discussion of the clinical relationship of non- 
nephritie renal lesions to hypertension, it seems appropriate to review 
and evaluate the experimental studies on the renal factor in hyperten- 
sion. 

The medical profession is greatly indebted to G’oldblatt and his asso- 
ciates for their outstanding contribution in the field of experimental 
hypertension and for the interest in the clinical aspects of hypertension 
which their work created and stimulated. Their experiments were per- 
formed on dogs and their results have received universal recognition. 
Utilizing a specially devised clamp, they were successful in producing 
a persistent hypertension by two methods: (a) partial constriction of 
both renal arteries and (b) constriction of the renal artery of one 
kidney followed by the removal of the opposite kidney. A transient 
hypertension was produced when the renal artery of only one kidney 
was constricted and the other kidney was left intact. Wilson and 
Byrom subsequently showed that the latter procedure in rats resulted 
in a permanent hypertension with all its consequent changes. Goldblatt 
and his associates demonstrated that the resultant hypertension varied 
directly with the degree of ischemia induced by constriction of the 
renal arteries; viz., moderate constriction of the renal arteries resulted 
in a definite, but not extreme, hypertension which corresponded to that 
of benign hypertension in man; whereas, severe constriction of the 
renal arteries led to an early but marked hypertension which was soon 
followed by renal insufficiency and the picture was comparable to the 
malignant hypertension in man. Following severe constriction of the 
renal arteries, small and large hemorrhages and hyalinized and necrotic 
arterioles were observed in the various organs, except in the constricted 
kidney which was considered to be “protected” by the renal ischemia. 

Following the epochal contribution of Goldblatt there has been a 
revival of interest and investigation concerning the etiology and renal 
factor in hypertension. A comprehensive search of the literature has 
revealed an abundance of experimental studies on this subject which 
unfortunately has been forgotten or overlooked or whose significance 
has not been fully appreciated. 

Animal experimentation has demonstrated that an increase in arterial 
tension can be produced by a variety of procedures whose purpose is 
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17.cS per cent. As a result of this study they concluded that hyper- 
tension appears to be associated with urologic pathology more frequently 
than is ordinarily believed. 

Sehioeder and Steele studied 218 cases of hypertension and in the 
renal group of 58 cases, there were 14 cases of glomerulonephritis, 8 
calculi, and 4 pyelonephritis. In 29 cases there were factors of stone, 
infection or obstruction alone, or in combination. In another study 
the same authors reviewed 1 1 eases of essential hypertension in young 
subjects who revealed no renal functional impairment as determined 
by the ability of the kidneys to concentrate urine and by the standard 
urea clearance test. Abnormalities of the kidneys and ureters were re- 
vealed by intravenous urography in 50 of 71 cases. More than one-half of 
the patients had some form of urinary obstruction. Harrison and 
Williams presented a similar study with comparable results. In a 
series of 100 cases previously diagnosed as essential hypertension, evi- 
dence of urinary tract disease was found in 30 patients. In most cases 
the in-ologie disease apparently antedated the onset of hypertension; 
viz., 6 patients gave a previous history of kidney colic, 10 had expe- 
rienced acute pyelitis, and 3 had unexplained hematuria. Subjective 
symptoms of vesical irritability and pain in the kidney region were 
noted in 17 of 30 patients, evidence of urinary obstruction was present 
in 8 patients, and urinary tract infection was found in 5 patients but 
was associated with some other factor which may have played a role 
in causing the hypertension. 

Oppenheimer, Klemperer, and Moschkowitz have made noteworthy 
contributions to the incidence and relation of unilateral renal disease 
to hypertension. They reviewed 5,000 consecutive autopsies and found 
the incidence of hypertension in the whole group to be 24 per cent, 


as compared to 40 per cent in the group of 97 cases with unilateral 
renal disease. Further analysis of the latter group revealed hyperten- 
sion to be present in 15 (S3 per cent) of IS cases of unilateral narrow- 
ino- of the main renal artery, in 21 (32 per cent) of 66 cases of uni- 
lateral hydronephrosis and chronic pyelonephritis, and in 3 (23 per 
cent) of 13 cases of unilateral congenital hypoplasia. 

Chute recently reviewed 353 cases of essential hypertension and found 
4^ cases (12 per cent) with renal lesions; 22 had demonstrable pathology 
and 20 gave a history of pyelitis or the passage of calculi but did not 
have complete urinary studies. 

Resell Walters, and Hammer recently made an important and 

D 1 ’ -VP study of the incidence of hypertension in a group of 

compreiensi - to rena j sur gieal operation. I 11 this group 

1,684 patiens percentage (315 patients, or 1S.7 per cent) 

approximately tne Qn flS that observed in a series of 975 con- 

had pveopeia 1 • ta j. en at random; namely, 195 cases of hyper- 

secutive adult pa ie ^ tbeii* article a detailed analysis of the 
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fcLtive iucideuce of hypertension in association with unilateral renal 

tsofe h presented and frequent reference to their findings is made 
elsewhere in this paper. 

^ Crabtree and Cliaset have recently attempted to evalute the hyper- 
ecave tendency in 150 consecutive nephrectomies for severe unilateral 
fcfla amage. In this series only 14 eases (9.3 per cent) showed pre- 
peratne hypertension; viz., chronic pyelonephritis. 7 cases; hyper- 
P toma, 6 eases; and tuberculous pyelonephritis. 1 case. 
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1 7 .8 per cent. As a result of this study they concluded that hyper- 
tension appears to be associated with urologic pathology more frequently 
than is ordinarily believed. 

Schroeder and Steele studied 218 eases of hypertension and in the 
renal group of 58 eases, there were 14 cases of glomerulonephritis, 8 
calculi, and 4 pyelonephritis. In 29 cases there were factors of stone, 
infection or obstruction alone, or in combination. In another study 
the same authors reviewed 71 cases of essential hypertension in young 
subjects who revealed no renal functional impairment as determined 
by the ability of the kidneys to concentrate urine and by the standard 
urea cleai'ance test. Abnormalities of the kidneys and ureters were re- 
vealed by intravenous urography in 50 of 71 cases. More than one-half of 
the patients had some form of urinary obstruction. Harrison and 
Williams presented a similar study with comparable results. In a 
series of 100 eases previously diagnosed as essential hypertension, evi- 
dence of urinary tract disease was found in 30 patients. In most cases 
the urologic disease apparently antedated the onset of hypertension; 
viz., 6 patients gave a previous history of kidney colic, 10 had expe- 
rienced acute pyelitis, and 3 had unexplained hematuria. Subjective 
symptoms of vesical irritability and pain in the kidney region were 
noted in 17 of 30 patients, evidence of urinary obstruction was present 
in 8 patients, and urinary tract infection was found in 5 patients but 
was associated with some other factor which may have played a role 
in causing the hypertension. 

Oppenheimer, Klemperer, and Moschkowitz have made noteworthy 
contributions to the incidence and relation of unilateral renal disease 
to hypertension. They reviewed 5,000 consecutive autopsies and found 
the incidence of hypertension in the whole group to be 24 per cent, 


as compared to 40 per cent in the group of 97 cases with unilateral 
renal disease. Further analysis of the latter group revealed hyperten- 
sion to be present in 15 (S3 per cent) of IS cases of unilateral narrow- 
in„- of the main renal artery, in 21 (32 per cent) of 66 cases of uni- 
lateral hydronephrosis and chronic pyelonephritis, and in 3 (23 per 
cent) of 13 eases of unilateral congenital hypoplasia. 

Chute recently reviewed 353 cases of essential hypertension and found 
40 cases (12 per cent) with renal lesions; 22 had demonstrable pathology 
■ind 20 gave a history of pyelitis or the passage of calculi but did not 
have complete urinary studies. 

, -\Valters, and Hammer recently made an important and 
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relative incidence of hypertension in association with unilateral renal 
lesions is presented and frequent reference to their findings is made 
elsewhere in this paper. 

Crabtree and Chaset have recently attempted to evalute the hyper- 
tensive tendency in 150 consecutive nephrectomies for severe unilateral 
renal damage. In this series only 14 cases (9.3 per cent) showed pre- 
operative hypertension; vi z., ehronie pyelonephritis, 7 eases; hyper- 
nephroma, 6 cases; and tuberculous pyelonephritis, 1 case. 

EXPERIMENTAL HYPERTENSION 

Before undertaking a discussion of the clinical relationship of non- 
nephritie renal lesions to hypertension, it seems appropriate to review 
and evaluate the experimental studies on the renal factor in hyperten- 
sion. 

The medical profession is greatly indebted to Goldblatt and his asso- 
ciates for their outstanding contribution in the field of experimental 
hypertension and for the interest in the clinical aspects of hypertension 
which their work created and stimulated. Their experiments were per- 
formed on dogs and their results have received universal recognition. 
Utilizing a specially devised clamp, thej r were successful in producing 
a persistent hypertension by two methods: (a) partial constriction of 
both renal arteries and (b) constriction of the renal artery of one 
kidney followed by the removal of the opposite kidney. A transient 
hypertension was produced when the renal artery of only one kidney 
was constricted and the other kidney was left intact. Wilson and 
Byrom subsequently showed that the latter procedure in rats resulted 
in a permanent hypertension with all its coirsequent ehanges. Goldblatt 
and Iris associates demonstrated that the resultant hypertension varied 
directly with the degree of ischemia induced by constriction of the 
renal arteries; viz., moderate constriction of the renal arteries resulted 
in a definite, but not extreme, hypertension which corresponded to that 
of benign hypertension in man; whereas, severe constriction of the 
renal arteries led to an early but marked hypertension which was soon 
followed by renal insufficiency and the picture was comparable to the 
malignant hypertension in man. Following severe constriction of the 
renal arteries, small and large hemorrhages and hyalinized and necrotic 
arterioles were observed in the various organs, except in the constricted 
kidney which was considered to be ‘‘protected” by the renal ischemia. 

Following the epochal contribution of Goldblatt there has been a 
revival of interest and investigation concerning the etiology and renal 
factor in hypertension. A comprehensive search of the literature has 
revealed an abundance of experimental studies on this subject which 
unfortunately has been forgotten or overlooked or whose significance 
has not been fully appreciated. 

Animal experimentation has demonstrated that an increase in arterial 
tension can be produced by a variety of procedures whose purpose is 
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to. decrease tlie Wood flow through the kidney. This has been accom- 
plished by: (1) removal of large portions of the total kidney substance 
(Passler and Heineke, Cash, and Chanutin and Ferris) ; (2) partial 
ligation of renal arteries (Janeway, Hartwiek, Freidman, Collins and 
Fiuiy); (3) constriction of renal veins (Bell and Pederson and Men- 
denez); (4) constriction of blood supply by cellophane perinephritis 
(Page); (5) production of interstitial fibrosis of kidneys by exposure 
to x-ray (Hartman, Ballinger, and Doub); (6) compression of renal 
arteries with adjustable clamps (Goldblatt, Lynch, Hanzal, and Sum- 
merville and Wilson and Bryom) ; (7) constriction of blood supply of 
solitary kidney transplanted to neck (Blalock and Levy); (8) constric- 
tion of blood supply of solitary kidney transplanted to groin (Glenn, 
Child, and Heuer); (9) ligation of one or both ureters (Rautenberg, 
Hartwiek, Harrison, Mason, Resnib, and Rainey, Williams, Wegria, 
and Harrison, and Blalock and Levy). 

Since each of the above procedures causes a decrease in the volume of 
blood passing through the kidney and is followed by a systemic rise in 
blood pressure, it has been assumed by many investigators that renal 
ischemia is the primary or initiating factor in the production of the 
hypertension. The evidence offered in support of this theory is based 
chiefly upon deficiency of renal tissue and impairment of renal circula- 
tion as accomplished by reducing the total kidney volume by multiple 
operations (Passler and Heineke), by removing SO to 85 per cent of the 
total kidney substance (Cash), or by removing five-sixths of the total 
kidney substance (Chanutin and Ferris). Further evidence is found in 
the work of Blaloek and Levy, who demonstrated conclusively that 
the renal blood flow was decreased in dogs with hypertension caused 


by constricting the renal artery with Goldblatt ’s clamp. 

Drury has described a method for the production of renal insufficiency 
and atrophy of any grade in rabbits without, the production of patho- 


logic changes in the renal epithelium. He employed a loose silk ligature 
on the left renal artery of baby rabbits to act as a check on renal growth. 
The diameter of the loop was regulated by tying silk down on wire of 
known diameter and withdrawing the wire. By this method dwarfed 
kidneys, varying from 20 per cent to 45 per rent of the total normal 
combined kidney weight, were obtained mid a compensatory hyper- 
trophy occurred in the opposite kidney. He found that a relatively high 
1 free of hypertension develops in renal atrophy before the removal 
Af \ p compensatory hypertrophied kidney. Following removal of the 
01 v. 3 l-ii-hipv the hypertension increased. Secondary changes 

included ta, of appolitc and «*!■<. 
l-esultiBo ' ibanee of equilibrium, hemorrhages m the intestinal wall 

anemia, 1 cardkc hypertrophy. 
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Recently Jeff lirectom j ze d parabiotic rats. They found that 
hypertension renl0 vai of both kidneys of one parabiont. 



RECENT ADVANCES IN SURGERY 


947 


and that following the removal of a third kidney from the other 
parabiont, the majority of the animals developed hypertension. 

However, there is some evidence available to show that renal ischemia 
is not the only factor concerned in the mechanism of hypertension. Bi- 
lateral nephrectomy does not cause an elevation of blood pressure, as 
shown in experiments of Cash, Hartwick, and Harrison, Mason, Resnik 
and Rainey. Similar results were obtained following the bilateral liga- 
tion of all renal vessels plus bilateral ligation of the ureters by Cash 
and Blalock and Levy. Goldblatt recently pointed out that the produc- 
tion of hypertension through ischemia appears to depend on the patency 
of the ureter. He observed that constricting the main renal artery of 
one kidney causes a systemic rise in blood pressure, but if the ureter of 
the ischemic kidney is occluded at the same time, no rise in blood pres- 
sure occurs. Furthermore the studies of Dock and Rytand on rats with 
hypertension due to progressive extirpation of renal tissue demonstrated 
that the blood flow per gram of tissue is as great in such animals as in 
normal control. Katz, Friedman, Rodbard, and Weinstein found that 
the severity and persistence of the effect of renal ischemia are dependent 
upon the ratio of ischemia to normal renal tissue. 

The exact mechanism or agents responsible for the elevation of the 
blood pressure has not been definitely established. Some investigators 
attribute the increase in arterial tension to a reflex effect from the 
ischemic kidney; others maintain that this phenomenon is due to the 
production of a pressor substance in the ischemic kidney. Various ex- 
perimental evidence has been gathered which tends to refute the “re- 
flex” theory, or, at least, demonstrates that the hypertension associated 
with an ischemic kidney of the Goldblatt type cannot be prevented or 
relieved by the following procedures; viz., (1) denervation of the 
kidney pedicle (Page, Freeman and Page); (2) excision of the splanch- 
nic nerves (Goldblatt and co-workers); (3) complete sympathectomy 
(Alpert, Alvitig, and Grimson); and (4) complete destruction of the 
spinal cord (Glenn, Child, and Page). 

The only evidence in favor of a central action of the pressor substance 
in renal hypertension is found in the work of Dock and Rytand, who 
showed that the blood pressure of rats with renal hypertension fell to 
the same level after section of the spinal cord as did the blood pressure 
of normal rats. 

There appears to be ample evidence in support of the formation of a 
chemical substance in either the ischemic kidney or the unaffected kid- 
ney which possesses a pressor effect on the vasoconstrictor nerves or 
directly upon the blood vessels. As early as 1S9S Tigerstedt and Berg- 
man demonstrated the presence of a pressor substance in the saline ex- 
tracts of normal rabbit kidneys, which they designated as renin. Tliev 
found that this extract caused an increase in blood pressure when in- 
jected intravenously in anesthetized dogs. Fasciolo, Houssay, and 
Taquini demonstrated the presence of a pressor substance in the blood 
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of the renal vein of a Goldblatt type of kidney by testing for its vaso- 
constrictor effects on a toad. However, Boylston, McEwen, and Ivy 
were unsuccessful in their attempts to demonstrate this substance in the 
peifusate ot ischemie kidneys with Locke’s solution. Prinzmetal, Fried- 
man, and Abiamson found that saline extx*acts of ischemic kidneys of 
dogs and of kidneys of patients dying with benign and malignant hyper- 
tension, chronic nephritis, and chronic pyelonephritis yielded greater 
pressor effects than similar extracts of normal human kidneys. Fried- 
man and Prinzmetal observed that the blood of patients with hyper- 
tension exhibited no pressor effect when transfused into patients with 
normal blood pressure. Katz, Friedman, Rodbard, and Weinstein trans- 
ferred small amounts of blood from a hypertensive to a normal dog with- 
out producing a rise in blood pressure. Solandt, Nassin, and Cowan 
observed that blood from a dog with a Goldblatt type of kidney produced 
a transient hypertension in another dog, provided the recipient animal 
was deprived of both kidneys. Taquini found that acute complete 
ischemia of the kidney produces a pressor substance as does the partially 
ischemic (Goldblatt type) kidney. 

The physiology and pharmacology of renin have been intensively 
studied, but the investigators are not in complete accord in their findings. 
Tigerstedt, Williams, Harrison, and Mason, and Helmer and Page con- 
sidered renin to be a protein; whereas, Atnmi believed it to be a sterol. 
Tigerstedt, Page, and Merrill, Williams, and Harrison maintained that 
the pressor effect of renin was elicited by direct action on the blood 
vessels. The latter investigators have shown that its action is not in- 
fluenced by elimination of the nervous system, pituitary, adrenals, 
pancreas, liver, or kidneys. Faseiolo, Houssay, and Taquini showed that 
the presence of a healthy kidney is capable of diminishing its pressor 
effects. Tigerstedt and Page observed that successive injections of renin 
resulted in diminishing pressor responses. 

Merrill, Williams, and Harrison studied the effect on the intrinsic 
circulation of two pressor substances isolated from the kidney; viz., 
renin obtained from saline extracts, and a tyrosine-like substance from 
the autolysate. The former was found to elevate the blood pressure, 
increase the size of the kidney, increase the blood flow through the kid- 
ney and increase the volume of urine, and its effect was believed to be 
due” to constriction of the efferent arterioles of the glomeruli. These 
findings were substantiated by Corcoran and Page. The latter substance 
11 T shrinkage in the volume of the kidney and a diminution of 
cause ‘ rcsu p 0 f the constriction of the efferent arterioles, 
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tension and renal impairment occurring separately and together. They 
found that hypertension sometimes occurs with a normal blood flow and 
that a marked diminution in renal blood flow may be found in patients 
with a normal blood pressure. They observed that the urea clearance 
often parallels the renal blood flow. In the majority of patients having 
hypertension, the renal blood flow is considerably reduced below average. 

Recently Harrison, Grollman, and Williams were successful in ex- 
tracting from normal kidneys a “renal antipressor substance” which 
was shown to have no effect upon the blood pressure of normal animals 
but appeared to possess the property of neutralizing the effects of renin, 
ephedrine, and other pressor substances. The important significance of 
these findings is that they offer an explanation of the absence of hyper- 
tension in those unilateral renal diseases which one would expect to de- 
velop hypertension; viz., the amount of antipressor substance elaborated 
by the healthy kidney overbalances or offsets the effect of the pressor 
substance produced by the diseased kidney. 

As indicated before, an increase in blood pressure has been produced 
experimentally by ligation of one or both ureters by Rautenberg and 
others. Williams, Wegria, and Harrison found that in rats unilateral 
ligation of the ureter did not always cause hypertension but bilateral 
ligation always resulted in hypertension, and that the pressor response 
to renin was more marked in bilateral cases. Blalock and Levy noted 
that hypertension induced by unilateral ligation of the ureter was 
abolished by the removal of the affected hydronephrotic kidney. This 
is in accord with the observation of Goldblatt that the excision of the 
ischemic kidney, resulting from constriction of one I’enal artery with a 
c-lamp at the height of hypertension, is followed by a prompt return 
of the blood pressure to a normal level. 

Various investigators have reported secondary pathologic phenomena 
in experimental hypertension which bear a close relationship to the 
changes observed in clinical eases of hypertension. For example, Gibson 
and Robinson observed cardiae hypertrophy in dogs with hypertension 
caused by constriction of the renal artery by a Goldblatt clamp; no con- 
stant changes in the blood volume were noted and no impairment in 
renal function was found. Chanutin and Barksdale observed left ven- 
tricular hypertrophy and hypertension in rats following partial nephrec- 
tomy. Wilson and Pickering demonstrated acute arteriolar lesions of 
the malignant variety in rabbits with hypertension resulting from con- 
striction of renal artery with Goldblatt 's clamp. They were of the 
opinion that t he incidence of these lesions was related to the degree of 
hypertension rather than to its duration. Similar changes were found 
in the arterioles of the intestines, liver, adrenals, eyes, and heart. The 
arteriolar changes were not found in the ischemic kidney but rather in 
the contralateral and presumably normal kidney. These changes in 
the intrinsic circulation of the rabbit differ from those found in human 
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beings with malignant hypertension. Winternitz and Waters observed 
gross vascular, lesions involving the pulmonary artery, aortic arch and 
its branches, thoracic aorta, superior and inferior vena cava, and the 
myocardium, as well as visceral hemorrhages following constriction of 
the renal artery. The mural changes in the blood vessels were similar 
to the vascular lesions of malignant nephrosclerosis in man. Wood and 
Ethridge were able to produce hypertension with arteriolar and glomeru- 
lar changes in the albino rat by subtotal nephrectomy. 

Prom this mass of interesting, but at times conflicting, experimental 
data one may safely conclude that a specific type of hypertension may 
be of renal origin. One of the primary etiologic factors in this type 
of hypertension is renal ischemia which can be produced in the affected 
kidney. The exact manner in which this substance exerts its effect on 
the blood pressure lias not been definitely established. Munoz, Braun- 
Menendez, Paseiolo, and Leloir offered the following explanation of the 
mechanism of renal hypertension: "Itenal ischemia determines the 
secretion of 'renin.' This protein is an enzyme which acts on a blood 
globulin (‘hypertensin precursor’) and gives rise to a substance (‘hyper- 
tensin’) which produces vasoconstriction. Another enzyme, ‘hyper- 
tensinase,’ which destroys ‘hypertensin’ is present in the blood and 
tissues.’’ Kohlstaedt and Page recently proposed what appears to be 
the first definite theory to explain the physiologic mechanism of experi- 
mental renal hypertension. They perfused the isolated normal canine 
kidney with defibrinated blood under varying hemodynamic conditions, 
and by subsequent pulsate perfusion through the isolated rabbit’s ear, 
studied the pressor effects of venous blood samples which were activated 
with renin complement ("hypertensin precursor”) to form angiotonin 
("hypertensin”). They found that the excised normal canine kidney 
perfused under normal pulsate arterial pressure did not secrete renin 
into the venous blood, but when the renal artery was partially clamped 
for 100 or more minutes, the venous blood samples possessed vaso- 


constrictor properties. From these and other experiments they main- 
tained that the essential factor responsible for the liberation of renin 
is not changes in blood pressure or perfusion rate but reduced pulsate 
pressure. On the basis of these experiments they formulated the follow- 
ing theory to explain the mechanism of experimental hypertension: 
Compression of the renal artery causes a partial conversion of pulsate 
to continuous blood flow in the kidney with resulting edema and 
anoxemia of the cells of the tubules. This is followed by an increase m 
cellular membrane permeability which allows the liberation of the large 
renin molecule. The liberated renin reacts within renin activator to 
produce angiotonin which in turn raises the blood pressure and produces 
constriction of the efferent glomerular arteriole with further tubular 
ToSmt Thus a vicious cyck is sot up M a susl.uuo.1 
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arterial hypertension. This interesting and plausible theory requires 
further clinical and experimental research before it can be accepted. 

Grollman, Williams, and Harrison recently reported on the chemical 
and pharmacologic properties of a renal antipressor substance. They 
found that when extracts containing the renal antipressor substance were 
administered orally to normal animals, they did not produce a decline in 
blood, pressure but did have the property of partially inhibiting the 
pressor effect of subsequently injected renin. When extracts containing 
a sufficient amount of renal antipressor substances were administered 
either parenterally or orally to animals with experimental renal hyper- 
tension, a marked and prolonged decline in blood pressure occurred. 
The administration of the antipressor substance by similar routes to a 
small group of patients with hypertension resulted in a decline in blood 
pressure. However, the authors emphasized the fact that it is unwise 
to draw any conclusions from such a small series of cases and preferred 
to wait until a much larger series of cases is studied. 

There is no positive evidence to show that the kidney is concerned in 
the production of all types of hypertension. These experimental ob- 
servations are not only of theoretical interest but also of great practical 
importance, for they have established on a firm basis the renal origin 
of hypertension and should stimulate, and in many cases have stimu- 
lated, intensive clinical study of every case of hypertension particularly 
from a urologic standpoint. 


CLASSIFICATION OF NOXNEPHRITIC DISEASES OF THE KIDNEY ASSOCIATED 
WITH HYPERTENSION 

The following is a classification of nonnephritic diseases of the 
kidney which cause or are accompanied by hypertension, and in many 
instances, are amenable to surgical treatment. The nephritides asso- 
ciated with hypertension are purposely omitted. The important etiologie 
factor in each lesion is renal ischemia resulting from interference witli 
renal circulation by the disease process. This may be brought about by 
intrinsic factors operating within one or both kidneys or by extrinsic 
factors usually affecting the main arterial supply of one or both kidneys. 
No attempt has been made to classify the specific causative lesions from 
the standpoint of their unilaterality or bilaterality, as this phase of the 
subject is considered in the subsequent discussion of the role of each 
causative lesion. 


I. Inflammatory disease (acute and chronic 

A. Pyelonephritis 

B. Tuberculosis 

C'. Infections complicating otiier lesions; i.o., calculi, hydronephrosis, poly- 
cystic disease, etc. 

1 h Obstructive lesions 


A. Hydronephrosis 

B. Pyonephrosis 

C. Nephroptosis 


Associated with obstructive, inflammatory or neoplastic 
lesion in the lower urinary tract or genital tract 
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atrophy. The need for a more descriptive and inclusive term than renal 
atrophy is quite obvious when one realizes that atrophy merely suggests 
a reduction in size of the organ and fails to take into consideration the 
etiology. Further, it is essential that one recognize the true nature of 
the atrophic kidney from the standpoint of its effect upon renal function, 
its relation to infection or obstruction in the urinary tract, its relation 
to hypertension before instituting a rational plan of treatment, surgical 
or otherwise, not only of the renal lesion, but also of the underlying 
factors or lesions in the urinary tract which may be responsible for its 
production. 

Several writers have attempted to clarify and define the various types 
of renal atrophy. In the main, they have classified the cases into two 
main groups: (a) congenital atrophy, which is the result of a develop- 
mental defect in the metanephric mass ; i.e., renal agenesis, aplasia, and 
hypoplasia; and (b) acquired atrophy, due to a disease process. Gum- 
ming and Sekroeder employed the term nephrofibrosis for the latter 
group, which the}" defined as a “localized or diffuse destructive or de- 
generative condition of the kidney which may or may not have originated 
as an infective or infected embolie process but results in a decrease in 
the size of the organ due to fibroplastic proliferation. ’ ’ They classified 
the etiologic factors of “nephrofibrosis” as follows: (1) obstruction, 
(2) trauma, (3) postoperative, (4) infection, (5) calculosis, (6) idio- 
pathic (atrophy of disuse). They distinguish nephrofibrosis from 
nephrosclerosis, the latter being considered as a degenerative vascular 
change in the kidneys associated with generalized vascular disease and 
having an entirely different etiology and symptomatology. I personally 
agree with this classification and definition but prefer the term chronic 
atrophic pyelonephritis as more descriptive and inclusive than nephro- 
fibrosis. 

As early as 1910, Longcope and McClintoek mentioned the clinical 
Relationship between chronic pyelonephritis and hypertension. Follow- 
mg this important contribution, interest appeared to lag, as evidenced 
fiy the fact that in 1930 Bell and Pedersen discussed the causes of hyper- 
tension and noted that there had been no reports of hypertension caused 
fiy Pyelonephritis. However, interest has been revived in recent years, 
as ^tested by the studies and reviews published by Longcope, Butler, 
Crabtree, Weiss and Parker, McCann, Putschar, Kimmelstiel and Wil- 
son, Braasch, and others. It is from their excellent contributions that 
much of the following information has been drawn. 

In 1932 Staemmler collected 30 cases of pyelonephritis with contracted 

idnej's, marked elevation of blood pressure, and cardiac hypertrophy. 

21 1933 Longcope and Winkenwerder described 9 patients with sup- 
posed chronic nephritis with uremia, who at autopsy had a bilateral 
Pyelonephritis, contracted kidneys, and irregularly dilated pelves. Al- 

oough hypertension was present in 5 cases, the authors failed to em- 
phasize chronic pyelonephritis as the cause of the hypertension. 
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III. Vascular lesions 

A. Arteriosclerotic kidney 

B. Localized arteriosclerosis of renal arteries 

C. Arteriolosclerosis of kidney 

D. Thrombosis of large and small renal arteries with or without infarction 

E. Infarct of kidney 

F. Spasm of renal vessels 

G. Inflammatory or obliterative lesions of renal arteries and arterioles 

3. Endarteritis; i.e., obliterans type and syphilitic type 

2. Thromboangiitis obliterans 

3. Periarteritis nodosa 

H. Traumatic injuries of kidney, parenchyma, and vascular pedicle 

I. Compression of renal vessels by intrinsic or extrinsic lesions; i.e., tu- 
mors, aneurysms 

J. Miscellaneous lesions 

1. Thrombosis of abdominal aorta 

2. Coarctation of aorta 

3. Aneurysm of aorta, etc. 

IV. Neoplasms of kidney and adrenals 

A. Kidney tumors in adults 

B. Kidney tumors in infants and children 

C. Adrenal tumors 

V. Congenital renal anomalies 

A. Anomalies of kidney; i.e., form, structure, position, etc. 

B. Anomalies of blood vessels; i.e., course, position, size, and lumen 

C. Congenital cystic disease; i.e., polycystic disease 

I. Inflammatory Lesions of Kidney Associated With Hyperten- 
sion . — Prior to 1930 hypertension of renal origin was regarded as a rela- 
tively rare disease and was usually considered as limited to acute and 
chronic glomerulonephritis and a few other uncommon diseases of the 
kidney; i.e., polycystic diseases, nephrosclerosis, etc. However, since that 
time the prevailing concept that the vast majority of hypertension cases 
were of the essential (nonrenal) type has undergone a gradual blit de- 
cided revision in the minds of most clinicians and even has been com- 
pletely discarded by a few clinicians. 

A Pyelonephritis . — Of all the inflammatory diseases bearing some 
relation to hypertension, chronic pyelonephritis appears to be the one 
disease toward which most attention lias been directed in recent years. 

B f re attempting a discussion of the association or relation of hyper- 
6 to chronic pyelonephritis, it is important to have an accurate 
tension^ cQUec p t j 011 0 f this pathologic entity inasmuch as considerable 
nd misunderstanding prevail in the literature regarding 
coiitusi ijgfmitioH and description of chronic pyelonephritis. This is 
the exac i ^ numerous conflicting definitions which have been used, 
evidenced B onvnlo usly and, too often, incorrectly; i.e., renal agenesis, 
heretofore, sjn . ntrophv; atrophic pyelonephritis, nephrofibrosis, 
aplasia, hypoplasia, > ' 

nephrosclerosis, etc. 

points of contention lias been tiie exact, pathologic 
One of the c ue interpretation of the various types of renal 

significance and cim 
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Putsehar has studied the histogenesis and morphologic findings in 
acute and chronic pyelonephritis. He pointed out that a chronic pro- 
gressive type of pyelonephritis is not uncommon and that in the major- 
ity of such cases purulent exudate and abscess formation may be entirely 
absent. He maintained that the inflammation creeps along in the in- 
terstitial tissue and causes progressive fibrosis and scarring in the kid- 
ney areas. This process may he restricted to one portion of the paren- 
chyma or involve the entire kidney; it may be unilateral or bilateral. 
Pyelonephritic contracted kidneys are observed more commonly in 
women than in men (3:1). In eases of unilateral contracted kidney, 
a marked compensatory hyperplasia occurs on the opposite side. Kim- 
melstiel and Wilson have described two types of glomerular lesion in 
chronic pyelonephritis. The first type, which is peculiar to this condi- 
tion, is due to the extension of the interstitial inflammation to the glo- 
meruli. The second is an “ alterative ’ ’ type of glomerulitis which occurs 
in the pyelonephritic contracted kidney as a manifestation of a general- 
ized vascular disease. The latter type is independent of the former but 
is practically indistinguishable from the focal glomerulitis found in so- 
called essential hypertension of the benign or malignant type. 

Peters and his associates have shown that not infrequently pregnancy 
may precipitate the hypertensive phase of pyelonephritis which, in turn, 
may initiate the eclamptic syndrome. Crabtree and Prien maintained 
that hypertension is not the ruler in severely injured kidneys due to 
pregnancy pyelonephritis, as they found hypertension in only 2 of 30 
eases of severe bilateral pyelonephritis in pregnancy at from ten to 
eighteen years after initial injury. They considered that infectious in- 
juries to the arteries of the cortex served as possible cause for setting 
in motion the requisite forces responsible for hypertension in these cases. 
They also emphasize the fact that in bilateral cortical necrosis of kidney, 
a frequent complication of pregnancy, a rise in blood pressure is seldom 
observed despite the fact that the patients excrete little or no urine for 
long periods of time, varying from six to twenty-five days. 

In a subsequent five- to ten-year follow-up study of 45 patients with 
pyelonephritis of pregnancy, Crabtree and Reid noted that the prognosis 
was grave for patients with both toxemic and pyelonephritic injury as 
indicated by the fact that all 3 patients with both conditions had hyper- 
tension and 2 of these were dead five years after the injury. Elevations 
in blood pressure above 150/90 with evidence of renal insufficiency were 
found in 6 patients with pyelonephritis of pregnancy. Renal calculi 
were found in 5 patients. They maintained that pyelonephritis of 
pregnancy was a progressive disease in many eases. In a review of the 
previous two series of eases Crabtree concluded that a high percentage 
of pregnancy pyelonephritic cases show evidences of renafdamage after 
five to eighteen years and that hypertension is not the rule in the same 
group of cases, as only 8 of 72 cases developed hypertension. 
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nephritic contracted kidney following chronic pyelitis of childhood; no 
improvement occurred in the patient in Case 2, who had a contracted 
pyelonephritic kidney as a result of pyelonephritis of infancy and 
pregnancy and died of renal failure five months after nephrectomy; 
no improvement was noted in the patient in Case 4, who had arterial 
hypertension of nine years’ duration and whose right kidney was re- 
moved for advanced pyelonephritic contraction and ptosis. In the last 
3 cases advanced arteriolar sclerosis was present in the kidneys. 

Everett reviewed the findings in forty-one consecutive nephrectomies 
and found extensive chronic pyelonephritis with severe vascular lesions 
in the smaller arteries and arterioles in 19 patients. In the latter group 
6 patients had suffered from hypertension and only 3 had a reduction 
in blood pressure following nephrectomy. Walters and Barker reported 
5 eases of unilateral chronic atrophic pyelonephritis associated with 
hypertension which were successfully treated by nephrectomy. In each 
case the blood pressure returned to normal limits following the opera- 
tion. In eacli ease pathologic studies of the diseased kidney showed 
extensive atrophy and scarring with marked thickening of the arterial 
walls in the scarred areas. In a series of 57 eases in which a diagnosis 
of chronic atrophic pyelonephritis was made wographically, an eleva- 
tion of the blood pressure (i.e., in excess of 145 mm. systolic and 90 mm, 
diastolic) was noted in 26 cases (45.6 per cent). In a series of 24 cases 
in which the diagnosis was made from pathologic studies following ne- 
phrectomy, 15 cases (62.5 per cent) showed elevations in blood pressure. 

Braaseh observed 47 eases of hypertension in ISO cases of chronic 
pyelonephritis. Hypertension occurred more frequently in patients with 
marked pyelographie changes and in those with impaired renal function. 
Hypertension was found in 26 per cent of the patients with chronic 
pyelonephritis as compared with 20 per cent of controls in the same 
age group. He maintained that pyelonephritis served as an irritant 
to bring out a latent hypertension. He stated that pyelonephritis does 
not produce hypertension in an otherwise normal person. 

Braaseh, Walters, and Hammer reported preoperative hypertension 
in 20 of 43 patients treated by nephrectomy for primary atrophic pyelo- 
nephritis, an incidence of 46.5 per cent. The incidence of hypertension 
was decidedly lower in patients who had nephrectomy for pyelonephritis 
without atrophy or sclerosis. They studied the postoperative course 
of the blood pressure in IS of 43 operative cases of atrophic pyelo- 
nephritis. They found that preoperative hypertension was present in 
10 of these IS patients and that following operation the blood pressure 
returned to noi-mal in 7 patients and was not influenced in 3 patients. 
Of the 8 patients who had a normal blood pressure preoperatively, hyper- 
tension developed after operation in only 1 case. They observed that 
the percentage of eases in which blood pressure was permanently re- 
duced after nephrectomy for atrophic pyelonephritis was far greater 
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Weiss, Parker, and Robb maintained that the infection in pyelo- 
nephritis may heal but that the hypertension initiated by the inflamma- 
toi} changes may continue to progress. While it is generally recognized 
that hypertension may develop before any evidence of renal insufficiency 
piesents itself in eases of chronic pyelonephritis, the exact mechanism 
responsible for the increase in arterial blood pressure has not been 
clearly established. Weiss and Parker offered the following interesting 
explanation for the pathogenesis of hypertension in these eases; viz., 
(1) the chronic progressive inflammatory processes caused vascular 
changes within the kidney with resulting ischemia; (2) the renal 
ischemia tended to initiate the hypertension; (3) the hypertension in 
turn accentuated proliferative vascular changes by altering the perme- 
ability of the walls of the renal blood vessels; (4) the alteration of the 
permeability permitted certain substances to exude into the perivascular 
tissues which, in turn, aggravated proliferative processes in the blood 
vessels, thereby increasing the ischemia. Thus a vicious circle is set up. 

Some writers have raised the objection that the hypertension is not 
always related to the chronic pyelonephritis in the above type of ease 
but rather is the result of other causes or lesions which occur in the 
latter period of life and are not always discernible. However, sueli 
objections and claims are invalidated by the frequent reports of hyper- 
tension in infants and young adults with chronic pyelonephritis. In 
1937 Butler emphasized the definite relation between chronic pyelo- 
nephritis and arterial hypertension in children. In a series of 15 cases 
of pyelonephritis in children, he observed hypertension in 8 cases and 
reported 2 cases of chronic unilateral pyelonephritis with hypertension 
in children whose blood pressure returned to normal after nephrectomy. 


The latter are the first recorded cases to substantiate the contentions 
that sustained hypertension in human beings may be due to chronic in- 
flammatory disease of one kidney and that removal of the affected kid- 
ney results in cure. One of these cases was subsequently reported by 
Barney and Suby. Bothe and Patch and associates obtained good re- 
sults in similar cases in young children treated by nephrectomy. Oases 
of unilateral chronic pyelonephritis with hypertension in adults, which 
, successfully been treated by nephrectomy, have been reported by 
Crabtree Barney and Suby, Walters and Barker, Nesbit and Ratliff, 
Bothe McIntyre, Schroeder and Fish, and Everett. 

breeder and Fish reported 4 eases of arterial hypertension due to 
chronic pyelonephritis end treated by nephrectomy Varyins detrrecs 
c 110111 - ; „ r teriolar changes were present in all kidneys removed 
o£ artem i„ to „,atory eh.no* The results varied: 

in additio noted in the patient in Case 7, who had a 

a mar !' :e i! n r!!wv\vitli slight inflammatory and vascular changes; a 
hypoplastic Inane} bv a temporary fall in blood pressure 
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pyelonephritis. There were moderately advanced sclerotic changes in the walls of 
the smaller vessels in the kidney and adrenal which were graded 2-h 

Case 2. — (G. U., No. 103221.) I. IV. M„ 50 years of age, male, white, married, 
high-school teacher, was referred to me for urologie study after admission to the 
Sinai Hospital on July 30, 1039, complaining of severe headaches. Both parents 
had died of “cerebral apoplexy” and one brother died at the age of forty-seven 
years of chronic nephritis. The patient had enjoyed good health until live months 
previously, when he developed severe occipital headaches accompanied by nausea 
and occasionally blurred visiou. His condition became progressively worse with a 
gradual loss of strength and appetite and increased fatigability. For the past 
twenty years he has been troubled with diurnal frequency (every one to three hours) 
and pollakiuria, but no urgency, nocturia, dysuria, gross hematuria, retention, renal 
colic, or pain, etc. About fifteen montiis before he was examined for insurance 
and was told that his urine was negative and that his blood pressure was 150/100. 
On admission to the hospital blood pressure was taken daily and varied between 
220 and 22S systolie and 1113 and 124 diastolic. Ophthalmoscopic examination dis- 
closed a marked tortuosity of the vessels with decided A-V nicking and many old 
hemorrhagic areas. 

Physical examination was essentially negative except for the usual signs of car- 
diac hypertrophy and slight tenderness. The prostate was the seat of a mild chronic 
infection. The urine showed a specific gravity of 1.016, a faint trace of albumin, 
and on microscopic examination contained an occasional red blood cell and pus cell, 
and hyaline and granular casts. Blood studies revealed no anemia or leucocvtosis. 
A combined phtlialein test yielded a total of 3$ per cent for two hours with the 
following successive half-hour estimations: 22, 10, 6, 0 per cent. Blood chemistry 
studies revealed the blood urea to vary between 7S.00 and 97.07 mg. per cent; tlie 
blood chlorides between 412 to 433 mg. per cent; the CO. combining power between 
36.5 and 56; uric acid, 3.S mg. per cent, total protein, 6.9S mg. per cent. Urea 

clearance and concentration tests, which were done prior to hospitalization, showed 

impairment of renal function. A diagnosis of malignant hypertension was made, 
and the patient was referred for urologie study. 

Intravenous urography revealed a normal kidney and calyces on the right but 
evidences of compression and distortion of the infundibular portions of the upper 
and middle major calyx on the left and incomplete filling of the terminal portions 
of these calyces. On the basis of these pyelographic changes, a presumptive diag- 
nosis of (1) chronic pyelonephritis with cystic degeneration, (2) chronic nephritis 

with cortical cysts, or (3) solitary renal cyst or tumor was made and retrograde 

pyelography advised. The latter was done and compression changes involving the 
renal pelvis and upper and middle major calyces were found which were more sug- 
gestive of a solitary cyst than a neoplasm. 

After lengthy discussion with the patient and his family physician, in which the 
dangers of operation were stressed and no hopes or promises of a cure were given, 
an exploratory operation through a left lumbar incision was performed on Aug. 1 
1939, under avertin-etlier anesthesia. A large, round solitary cyst, measuring S cm. 
in diameter, was found on the posterior aspect of the kidney extending down to 
but not invading, the pelvis. A resolving cortical abscess 1 cm. in diameter was 
present on the convex border near the lower pole of the kidney. An aberrant vessel 
entering the anteromedial aspect of the upper pole of the kidnev was present The 
main artery appeared to be slightly thicker than normal. It was impossible to re- 
move the cyst without doing irreparable damage to the kidnev. After much delib 
oration and consultation with the family physician, a left nephrectomv was done 
Convalescence was complicated by a rather severe episode of hiccoughs occurring 
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than when nephrectomy was performed for any other type of renal 
lesion. They maintained that the widespread atrophy of the renal 
tissues and the sclerosis of the renal blood vessels were responsible for 
the hypertension. They noted that acute cortical renal infection or 
perinephritic abscess was seldom a factor in causing hypertension. 

In their series of 7 cases of chronic pyelonephritis with hypertension 
treated by nephrectomy, Crabtee and Chaset observed a slight improve- 
ment in blood pressure in only I ease. 


Case 1. (G. U., No. 12S4.) J. P., 52 years of age, white, male, married, grocer, 

was referred for a uroiogie study on June 1, 1932. He had been treated for 
"stomach trouble" for the past ten years. He bad bad cramplike pains in the 
lower left quadrant lasting from live to six hours and recurring at intervals of from 
three to four months. The pain was accompanied by nausea and vomiting, par- 
ticularly after eating. There was a moderate amount of epigastric discomfort, 
belching, eructation, and heartburn. The patient gave a history of diurnal fre- 
quency every hour, nocturia two to three times, and hesitancy and burning. The 
patient had been subjected to repeated gastrointestinal studies, stomach analysis, 
proctoscopic examinations, etc. 

Physical examination was essentially negative except for tenderness over the left 
kidney. The urine was negative except for an occasional pus cell. Cystoscopy and 
pyelography revealed a large hydronephrosis of the left kidney with an obstruction 
at the ureteropelvic junction. Intravenous phfhaleiu had an appearance time from 
the right kidney of 4 minutes and from the left kidney of S minutes; a lif teen- 
minute collection from the right kidney was IS per cent; from the left kidney, 2 
per cent. Blood urea was 39 mg. per cent. On June 14, 1932, the left kidney was 
exposed under spinal anesthesia. An obstruction was found at the ureteropelvic 
junction, and tile posterior peritoneum and descending colon were intimately ad- 
herent to the anterior surface of the distended extrarenal pelvis. A plastic opera- 
tion was performed, removing an elliptical piece of tissue from the anterior and 
posterior surfaces of the renal pelvis and the stricture at the ureteropelvic junction 
was corrected by a Heineke-Mikuliez repair. The patient made an uneventful re- 
covery and was discharged from the hospital in two weeks. 


Prior to operation, the patient’s blood pressure varied between 200 and 210 
systolic and 110 and 123 diastolic. Following operation, his blood pressure fell to 
170/110 and remained at this level for three months. Three months following the 
operation, the patient developed a sudden sharp pain in the operative area foltow- 
in” the lifting of a very heavy object. Two days Jatcr lie presented a soft Hindu 
'itFne- mass in the upper end of the wound. Cvstoscopic and pyelographie studies 
t j lis tjme revealed a rupture of the left kidney pelvis with an accompanying 
nerinephritic abscess. A nephrectomy was done on Sept. 20, 19.12. Almost the 
1 • 1 ft adrenal gland was removed also. The patient made an uneventful re- 

entire^ owiag operation the patient returned for observation for a period 

C ° Ve P’ , ., r .' during which time there was no recurrence of his gastrointestinal 
of twee yea m pressure prior to his second operation was liiO/90 and fol 

symptoms. declined to 154/90. Blood pressure determinations, which wore 

lowing opera ion i ^ vi „; tt s i, 0 wed slight fluctuation at or about the latter 

made the time o Wood pressure was 132/HM. 

level. On snecimen disclosed a small pin-point perforation at the site of 

The pathology ^ ^ ( j ic ure teropolvic junction. Immediately surrounding 

previous plastic °P®"‘ a l,,ce&s in the peripelvie fat. On gross and microscopic 
this area was a loea wu - - K i, aruc teristic changes of acute ami subacute 
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pyelonephritis. There were moderately advanced sclerotic changes in the walls of 
the smaller vessels in the kidney and adrenal which were graded 2+. 

Case 2— (G. U No. 103221.) I. IV. M., 50 years of age, male, white, married, 
high-school teacher, was referred to me for urologic study after admission to the 
Sinai Hospital on July 30, 1939, complaining of severe headaches. Both parents 
had died of “cerebral apoplexy” and one brother died at the age of forty-seven 
years of chronic nephritis. The patient had enjoyed good health until five months 
previously, when he developed severe occipital headaches accompanied by' nausea 
and occasionally' blurred vision. His condition became progressively worse with a 
gradual loss of strength and appetite and increased fatigability. For the past 
twenty years he has been troubled with diurnal frequency (every one to three hours) 
and pollakiuria, but no urgency', nocturia, dysuria, gross hematuria, retention, renal 
colic, or pain, etc. About fifteen months before he was examined for insurance 
and was told that his urine was negative and that his blood pressure was 150/100. 
On admission to the hospital blood pressure was taken daily and varied between 
220 and 22S systolic and 110 and 124 diastolic. Ophthalmoscopic examination dis- 
closed a marked tortuosity of the vessels with decided A-V nicking and many- old 
hemorrhagic areas. 

Physical examination was essentially negative except for the usual signs of car- 
diac hypertrophy- and slight tenderness. The prostate was the seat of a mild chronic 
infection. The urine showed a specific gravity- of 1.016, a faint trace of albumin, 
and on microscopic examination contained an occasional red blood cell and pus cell, 
and hyaline and granular casts. Blood studies revealed no anemia or leucocytosis. 
A combined phthalein test yielded a total of 3S per cent for two hours with the 
following successive half-hour estimations: 22, 10, 6, 0 per cent. Blood chemistry- 
studies revealed the blood urea to vary- between 7S.09 and 97.07 mg. per cent; the 
blood chlorides between 412 to 433 mg. per cent; the CO. combining power between 
36.5 and 50; uric acid, 3.8 mg. per cent, total protein, 6.9S mg. per cent. Urea 
clearance and concentration tests, which were done prior to hospitalization, showed 
impairment of renal function. A diagnosis of malignant hypertension was made, 
and the patient was referred for urologic study'. 

Intravenous urography- revealed a normal kidney and calyces on the right but 
evidences of compression and distortion of the infundibular portions of the upper 
and middle major calyx on the left and incomplete filling of the terminal portions 
of these calyces. On the basis of these py olographic changes, a presumptive diag- 
nosis of (1) chronic pyelonephritis with cystic degeneration, (2) chronic nephritis 
with cortical cysts, or (3) solitary- renal cyst or tumor was made and retrograde 
pyelography- advised. The latter was done and compression changes involving the 
renal pelvis and upper and middle major calyces were found which were more sug- 
gestive of a solitary cyst than a neoplasm. 

After lengthy- diseussion with the patient and his family physician, in which the 
dangers of operation were stressed and no hopes or promises of a cure were given, 
an exploratory operation through a left lumbar incision was performed on Aug. 1, 
1939, under avertin-etber anesthesia. A iarge, round solitary cy-st, measuring S cm. 
in diameter, was found on the posterior aspect of the kidney extending down to, 
but not invading, the pelvis. A resolving cortical abscess 1 cm. in diameter was 
present on the convex border near the lower pole of the kidney. An aberrant vessel 
entering the anteromedial aspect of the upper pole of the kidney was present. The 
main artery appeared to be slightly thicker than normal. It was impossible to re- 
move the cyst without doing irreparable damage to the kidney. After much delib- 
eration and consultation with the family physician, a left nephrectomy was done 
Convalescence was complicated by a rather severe episode of hiccoughs occurring 
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than when nephrectomy was performed for any other type of renal 
lesion. They maintained that the widespread atrophy of the renal 
tissues and the sclerosis of the renal blood vessels were responsible for 
the hypertension. They noted that acute cortical renal infection or 
perinephritic abscess was seldom a factor in causing hypertension. 

In their seiies of 7 cases of chronic pyelonephritis with hypertension 
heated by nephrectomy, Crabtee and Chaset observed a slight improve- 
ment in blood pressure in only 1 ease. 


Case 1. — (6. U., No. 12S4.) J. P., 52 years of age, white, male, married, grocer, 
"'as referred for a urologic study on June 1, 1932. He had been treated for 
“stomach trouble” for the past ten years. He had had cramplike pains in tiie 
lower left quadrant lasting from five to six hours and recurring at intervals of from 
three to four months. The pain was accompanied by nausea and vomiting, par- 
ticularly after eating. There was a moderate amount of epigastric discomfort, 
belching, eructation, and heartburn. The patient gave a history of diurnal fre- 
quency every hour, nocturia two to three times, and hesitancy and burning. The 
patient had been subjected to repeated gastrointestinal studies, stomach analysis, 
proctoscopic examinations, etc. 

Physical examination was essentially negative except for tenderness over the left 
kidney. The urine was negative except for an occasional pus cell. Cystoscopy and 
pyelography revealed a large hydronephrosis of the left kidney with an obstruction 
at the ureteropelvic junction. Intravenous phthalein had an appearance time from 
the right kidney of 4 minutes and from the left kidney of S minutes; a fifteen- 
minute collection from the right kidney was IS per cent; from the left kidney, 2 
per cent. Blood urea was 39 mg. per cent. On June 14, 1932, the left kidney was 
exposed under spinal anesthesia. An obstruction was found at the ureteropelvic 
junction, and the posterior peritoneum and descending colon were intimately ad- 
herent to the anterior surface of the distended extrareaal pelvis. A plastic opera- 
tion was performed, removing an elliptical piece of tissue from the anterior and 
posterior surfaces of the renal pelvis and the stricture at the ureteropelvic junction 
was corrected by a Heineke-JIikulicz repair. The patient made an uneventful re- 
covery and was discharged from the hospital in two weeks. 


Prior to operation, the patient’s blood pressure varied between 200 and 210 
systolic and 110 and 120 diastolic. Following operation, Ids blood pressure fell to 
170/110 and remained at tins level for three months. Tiiree months following the 
operation the patient developed a sudden sharp pain in the operative area follow- 
j j lie lifting of a very heavy object. Two days later he presented a soft fluctu 
aring mass in the upper end of the wound. Cystoscopic and pyelngruphie studies 
“ this time revealed a rapture of the left kidney pelvis with an accompanying 
nerinenhritic abscess. A nephrectomy was done on Sept. 20. 1932. Almost the 
1 g - left adrenal gland was removed also. The patient made an uneventful rc- 
entrre e q,; s operation the patient returned for observation for a period 

covery. ^ dunn" which time there was no recurrence of his gastrointestinal 
of three > ea ^ ])]oo j pressure prior to his second operation was lliii/ilti arid fol- 
symptoms. declined to 154/90. Blood pressure determinations, which were 

lowing operation 1 showed slight fluctuation at or about the latter 

**? his MmS - w 

level. On a A - en Closed a small pin point perforation at the site of 
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and received treatment for tuberculous cystitis with methylene blue irrigations 
after the method of Brodney. 

Prior to her operation, her blood pressure was 1-4S/S6. TJpon discharge from the 
hospital on Dec. 8, 1936, her blood pressure was 120/80. Subsequent blood pressure 
determinations were made at regular intervals in the outpatient department and 
the blood pressure did not exceed 120/S0. The last blood pressure reading was 
taken on Oct. 15, 1940. 

The pathologist’s report indicated an advanced case of renal tuberculosis with 
localized abscesses involving the upper major calyx and diffuse involvement of 
remaining kidney tissue. Moderate endarteritis of the blood vessels throughout 
the kidney was noted (grade 1+). 

Case 5.— (G. U., No. 91269.) D. P., 24 years of age, white, male, married, clerk, 
was admitted to the urologic ward of Sinai Hospital on May 4, 1937, complaining 
of pain in his right flank. The family history was negative for tuberculosis. Six 
years before, the patient had complained of pain in his right flank and cystoscopy 
and pyelography revealed a bilateral renal tuberculosis accompanied by tuberculosis 
of the prostate. Hospitalization was advised but was refused by the patient who 
remained in bed at home for five months with definite improvement. In January, 
1936, he contracted a gonorrheal urethritis which responded promptly to treatment. 
In March, 1936, he developed a bilateral tuberculous epididymitis with an accom- 
panying hydrocele on each side. He was treated by ultraviolet ray to scrotum 
and frequent tapping of the hydrocele, but two persistent fistulas developed on 
the left side of the scrotum. In October, 1936, a bilateral epididymectomy was 
performed. Following this operation the patient developed signs and symptoms 
of pulmonary tuberculosis (confirmed by x-ray) and was sent to a state sanatorium 
for tuberculosis in December, 1936, where he remained until one week before this 
admission to the hospital. During his stay' iu the sanatorium, sputum examinations 
were consistently negative and repeated x-ray of the chest showed a rapid improve- 
ment. In the last two mouths he had developed pain in his left hip and complained 
of persistent scrotal fistula. He had no urinary symptoms. 

Examination disclosed tuberculous involvement of the prostate, both seminal 
vesicles, both vasae, and the left testicle. Two fistulas were present on the left 
side of the scrotum. There was no tenderness over either kidney'. A chronic 
tuberculous osteomyelitis of the middle phalanx of the right third finger was present. 
Slight tenderness was present over the left buttock, but x-ray failed to show any 
bone involvement in this area. The lungs shewed no signs of active tuberculosis on 
physical and x-ray examinations. The urine was negative except for 60 to 70 
pus cells per high power field. Repeated examination of the urinary sediment by 
acid-fast staining failed to reveal any tubercle bacilli. The blood urea varied 
between 15 and 26 mg. per cent. 

On May' 5, 1937, intravenous urography revealed a normal kidney pelvis on the 
left side but definite signs of tuberculosis in the upper major calyces of the right 
kidney. Both ureters appeared normal. On May 14, 1937, cystoscopy and pyelog- 
raphy were performed and disclosed marked tuberculous changes involving the 
upper and middle major and minor calyces and the pelvis of the right kidney'. 
Urine from the right kidney was negative for tubercle bacilli and on culture grew 
colon bacilli. 

On May 21, 1937, a right nephrectomy was done under spinal anesthesia. De- 
spite the fact that about 5 cm. of ureter was removed and no drains were employed 
at time of operation, the patient developed a postoperative fistula in the lumbar 
wound which persisted after discharge from the hospital on July 17, 1937 
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losi.s occurred ia o (!;}.;> per tent). Tiic incidence of hypertension in 
eases with bilateral renal tuberculosis was not increased. 

Cutbtioo and Chase! observed 1 case of tuberculous pyelonephritis 
with a preoperative hypertension ol 154/105, and fourteen months fol- 
lowing- nephrectomy there was a reduction in blood pressure to 144/80. 


C.VSf. o. (Gym, Xo. -1S<S.) A. B., 30 years of age, white, female, married, 
housewife, was admitted to the Sinai Hospital on Aov. 21, 1934, complaining of 
pain in the right upper quadrant and rigid lumbar region. The patient had been 
in good health until one year previously, when she developed pain in the right lum- 
bar region and right upper quadrant radiating to the groin. The pain was unac- 
companied by chills, fever, nausea, or vomiting. She also complained of diurnal 
frequency and nocturia. Hematuria was also present two months before for the 
lirst and only time. In the past year the patient had received cystoscopie treat- 
ments from another doctor with slight improvement. 

Blood urea was 20.36 mg. per cent. Urine showed many pus cells. Combined 
intravenous phthalein yielded GO per cent for the lirst hour and 15 per cent for 
the second hour. Cystoscopy and pyelography revealed a lionfunctioning pyone- 
phrotic kidney on the right side. Cultural and staining studies failed to reveal 
tubercle bacilli in the urine. On Dee. 7, 1934, a right nephrectomy was done under 
ether anesthesia. The patient made an uneventful recovery and was discharged 
from the hospital on Dee. 24, 1934. 

Blood pressures were taken daily prior to the operation and revealed a systolic 
pressure to fluctuate between 1G0 and 1GS and the diastolic, between 90 and 100. 
Following operation the blood pressure gradually fell to 140/90 and remained at 
this level for the next two years, while she was under the observation of her fam- 
ily physician. 

Pathologic diagnosis was (1) tuberculous pyonephrosis and (2) chronic recurrent 
pyelonephritis. Characteristic tubercles and abscesses were found as well as exten- 
sive degenerative and atrophic changes in the glomeruli, tubules, and interstitial 
tissue. The sclerotic changes m the walls of the smaller renal vessels were moder- 
ated advanced and were classified as 2+. 


Case 4. — (Gym, Xo. 5051.) I). L., 21 years of age, white, female, married, house- 
wife was admitted to the Siuai Hospital on Oct. 14, 1936, complaining of frequency 
of urination. Her family history was negative. The patient had enjoyed good 
health until 1935, when symptoms of tuberculosis developed and she was sent to a 
sanatorium, where she spent six months and was discharged as an arrested case. 
For the past eight months the patient has complained of dull pain in the right 
lumbar region with diurnal frequency, burning and smarting on urination. In the 
past two months she has had an increase in symptoms, accompanied by pyuria and 

116 Examination revealed signs of a healed tuberculosis in both apices and tender- 
over the right kidney. 

neS Urinary sediment was stained for tubercle bacilli, but none were found. 

‘ oi oe per cent. Cystoscopy and pyelography revealed numerous 
Blood urt . ^filtration throughout the right half of the bladder. The 

, - fi „„ fiafi a typical "golf hole" appearance. Pyelography showed 

right uretera^ _ ^ ^ t i ie u p per major calyx of the right kidney. The left 


Urine showed 1+ albumin and many pus cells with 
1-1 „ ■ r was stained for 

clumps. 

Blood l 

areas of hemorrhagic 
right ureteral orifice b 
tuberculous ulceration 

. appe<' lre( ^ 110rnu 

On Nov. 13> Ib-A / '^eventful, nnd the wound healed per primam. Following 
her discharge from 


kidney appeal norm! J t ririit nephrectomy was done under ether anesthesia. The 
On Nov. 13> r ■ ^eventful, and the wound healed per primam. Folic 
postoperative course t he patient returned to the outpatient department 
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and received treatment for tuberculous cystitis with methylene blue irrigations 
after the method of Brodnev. 

Prior to her operation, her blood pressure was 14S/86. Upon discharge from the 
hospital on Dec. S, 1936, her blood pressure was 120/S0, Subsequent blood pressure 
determinations were made at regular intervals in the outpatient department and 
the blood pressure did not exceed 120/S0. The last blood pressure reading was 
taken on Oct. 15, 1940. 

The pathologist’s report indicated an advanced case of renal tuberculosis with 
localized abscesses involving the upper major calyx and diffuse involvement of 
remaining kidney tissue. Moderate endarteritis of the blood vessels throughout 
the kidney was noted (grade 14-). 

Cask 5.— (G. U., Xo. 91269.) D. P., 24 years of age. white, male, married, clerk, 
was admitted to the urologie ward of Sinai Hospital on May 4, 1937, complaining 
of pain in his right flank. The family history was negative for tuberculosis. Six 
years before, the patient bad complained of pain in his right flank and cystoscopy 
and pyelography revealed a bilateral renal tuberculosis accompanied by tuberculosis 
of the prostate. Hospitalization was advised but was refused by the patient who 
remained in bed at home for live months with definite improvement. In January, 
1936, he contracted a gonorrheal urethritis which responded promptly to treatment. 
In March, 1936, he developed a bilateral tuberculous epididymitis with an accom- 
panying hydrocele on each side. He was treated by ultraviolet ray to scrotum 
and frequent tapping or the hydrocele, but two persistent fistulas developed on 
the left side of the scrotum. In October, 1936, a bilateral epididymectomy was 
performed. Following this operation the patient developed signs and symptoms 
of pulmonary tuberculosis (confirmed by x-ray) and was sent to a state sanatorium 
for tuberculosis in December, 1936, where he remained until one week before this 
admission to the hospital. During his stay in the sanatorium, sputum examinations 
were consistently negative and repeated x-ray of the chest showed a rapid improve- 
ment. In the last two months lie had developed pain in his left hip and complained 
of persistent scrotal fistula. He had no urinary symptoms. 

Examination disclosed tuberculous involvement of the prostate, both seminal 
vesicles, both vasae. and the left testicle. Two fistulas were present on the left 
side of the scrotum. There was no tenderness over either kidney. A chronic 
tuberculous osteomyelitis ox the middle phalanx of the right third finger was present. 
Slight tenderness was present over the left buttock, but x-ray failed to show any 
bone involvement in this area. The lungs showed no signs of active tuberculosis on 
physical and x-ray examinations. The urine was negative except for 60 to 70 
pus cells per high power field. Repeated examination of the urinary sediment by 
acid-fast staining failed to reveal any tubercle bacilli. The blood urea varied 
between 15 and 26 mg. per cent. 

On May 5, 1937. intravenons urography revealed 3 normal kidney pelvis on the 
left side but definite signs of tuberculosis in the upper major calyces of the right 
kidney. Both ureters appeared normal. On May 14, 1937, cystoscopy and pyelog- 
raphy were performed and disclosed marked tuberculous changes involving the 
upper and middle major and minor calyces and the pelvis of the right kidnev. 
Urine from tite right kidney was negative for tubercle bacilli and on culture grew 
colon bacilli. 

On May 21, 1937, a right nephrectomy was done under spinal anesthesia. De- 
spite the fact that about o cm. of ureter was removed and no drains were emploved 
at time of operation, the patient developed a postoperative fistula in the lumbar 
wound Which persisted after discharge from tile hospital on July 17 1937 
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losis occurred in 5 (13.5 per cent). The incidence of hypertension in 
en.ses with bilateral renal tuberculosis was not increased. 

Crabtree and Chasel observed 1 case of tuberculous pyelonephritis 
■with a preoperative hypertension of 154/105, and fourteen months fol- 
lowin'; nephrectomy there was a reduction in blood pressure to 144/SO. 


(..VSh .). (Gy n. f No. 487S.) A. B., 3(1 years of age, white, female, married, 
housewife, was admitted to the Sinai Hospital on Nov. 21, 1934, complaining of 
pain in the right upper ipmdrniit and right lumbar region. The patient had been 
in good health until one year previously, when she developed pain in the right lum- 
bar region and right upper quadrant radiating to the groin. The pain was unac- 
companied by eliills, fever, nausea, or vomiting. She also complained of diurnal 
frequency and nocturia. Hematuria was also present two months before for the 
first and only time. In the past year the patient had received cvstoscopie treat- 
ments from another doctor with slight improvement. 

Blood urea was 20.30 mg. per cent. Urine showed many pus cells. Combined 
intravenous phtlmlein yielded 00 per cent for the first hour and 15 per cent for 
the second hour. Cystoscopy and pyelography revealed a nonfunctioning pyone- 
phrotic kidney on the right side. Cultural and staining studies failed to reveal 
tubercle bacilli in the uriae. On Dec. 7, 1934, a right nephrectomy was done under 
ether anesthesia. The patient made an uneventful recovery and was discharged 
from the hospital ott Dec. 24, 1934. 

Blood pressures were taken daily prior to the operation and revealed a systolic 
pressure to thictuate between 100 and 108 and the diastolic, between 90 and 100. 
Following operation the blood pressure gradually fell to 140/90 and remained at 
this level for the next two years, while s lie was under the observation of her fam- 
ily physician. 

Pathologic diagnosis was (1) tuberculous pyonephrosis and (2) chronic recurrent 
pyelonephritis. Characteristic tubercles and abscesses were found as well as exten- 
sive degenerative and atrophic changes in the glomeruli, tubules, and interstitial 
tissue. The sclerotic changes in the walls of the smaller renal vessels were moder- 
ately advanced and were classified as 2+. 


Case 4. — (Gym, No. 5051.) D. L., 21 years of age, white, female, married, house- 
wife was admitted to the Sinai Hospital on Oct. 14, 193G, complaining of frequency 
of urination. Her family history was negative. The patient had enjoyed good 
health until 1935, when symptoms of tuberculosis developed and slie was sent to a 
sanatorium, where she spent six months and was discharged as an arrested case. 
For the past eight months the patient has complained of dull pain in the right 
lumbar region with diurnal frequency, burning and smarting on urination. In the 
t two months she has had an increase in symptoms, accompanied by pyuria and 

^Examination revealed signs of a healed tuberculosis in both apices and tender- 
the ri"ht kidney. Urine showed 1+ albumin and many pus cells with 
ness 0 "' r g rinar y se diment was stained for tubercle bacilli, but none were found, 
clumps. ‘ n](r . p gr cent _ Cystoscopy and pyelography revealed numerous 

Blood mea infiltration throughout the right half of the bladder. The 
areas o ® had a typical “golf hole’' appearance. Pyelography showed 

right uretera^ cer ^.^ ^ t j )e u pp er major calyx of the right kidney. The left 

kidney appeared no ' nephrectomy was done under ether anesthesia. The 

On Nov. 13, 1 u t a uaevcn tf u l, and the wound healed per primam. Following 
postoperative course « as patient returned to the outpatient department 

Lr discharge from the hospital, 
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localized to a particular portion of the kidney with a minimum degree 
of renal damage. 

4. A reluctance on the part of most physicians to report unusual case 
reports. 

In their series of 56 eases of hypertension associated with renal dis- 
eases, Sehroeder and Steele found 8 eases of renal calculi accompanied 
by hypertension and obtained a previous history of renal calculus or 
colic in 4 other patients. Maher and Wosika encountered IS cases of 
renal calculi in their series of 101 eases of primary urinary tract 
pathology associated with hypertension. Longcope described a case of 
hypertension in an individual in whom a chronic renal infection accom- 
panied a calculus imbedded in a calyx. Walters and Barker, Mul- 
holland, and Nesbit and Ratliff reported cases of hypertension due to 
unilateral pyelonephritis secondary to renal calculi successfully treated 
by nephrectomy. Botlie reported a ease of calculous pyonephrosis with 
hypertension which showed a slight improvement following nephrec- 
tomy. 

It is also well to bear in mind that pathologic changes in or about 
the kidney other than pyelonephritis may develop and produce severe 
damage to the kidney parenchyma or to the vascular supply. A severe 
infection associated with a calculus in the kidney or ureter may cause 
extensive inflammatory or fibrotie changes in and about the kidney', 
pelvis, and ureter which may seriously interfere with the blood supply 
to these structures or act as an obstruction to outflow of urine. Such 
changes, which are prone to occur following the operative removal of 
stones from these structures as a natural sequela or as the result of 
faulty drainage, may lead to renal ischemia and subsequently influence 
the development of hypertension. 

An example of the serious damage which may result from a ureteral 
calculus is demonstrated by the case reported by Hyman, and sub- 
sequently referred to by Oppenheimer, Klemperer, and Mosehkowitz. 
A ureterolithotomy was performed in a male 30 years of age, which 
was followed two years later by pyelonephritis, hypertension, headaches, 
and retinal changes. Nephrectomy resulted in a cure. The striking 
pathologic finding was a marked sclerosis of the renal artery whose 
lumen was almost three-fourths occluded. Yon Monakow also reported 
a case of ureteral calculus accompanied by an elevation in blood pressure 
to 170 mm. Hg which fell to 112 mm. after removal of the stone. 
Sehroeder and Fish described a case of arterial hypertension which ran 
a malignant course and was associated with bilateral organic renal dis- 
ease. The left kidney which was removed contained a calculus, chronic 
pyelonephritis and a hydronephrosis due to an aberrant vessel constrict- 
ing the ureteropelvic junction. A slight hydronephrosis was present on 
the right. Nephrectomy did not influence the rapid downhill course 
Marked arteriolar changes were present in the left kidney with slight 
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Pr,or t0 operation his blood pressure varied between 111 and 150 systolic and 
0_ to !)U diastolic. Following operation the blood pressure fell to 130/D0 at time 
of discharge. Oh June li, 10.17, the consulting ophthalmologist reported marked 
congestion and tortuosity of the retinal veins, which were considered early hyper- 
tensive changes. 

_ following discharge from the hospital the patient returned to the sanatorium, 
i lie rigid lumbar persisted and drained a very slight amount of seropurulent ma- 
terial. Three serotal sinuses were present and appeared to lead to the left testicle 
which was nodular, ife was readmitted to the hospital on May 9, 103S. A left 
orehideetomy and excision of the fistulous tract was performed and primary wound 
heating obtained prior to his discharge on May 21, 193S. During this stay in 
the hospital his blood pressure never exceeded 122/78. Subsequent blood pressure 
determinations, taken by li is family physician in the last two years, disclosed no 
elevation above 120/7S. 

Pathologic examination of the right kidney revealed a fairly well advanced 
tuberculous pyonephrosis. Caseating abscesses were found throughout the entire 
kidney but were more pronounced in the upper pole. Sclerotic changes (grade 2+) 
wore found in the walls of some of the smaller blood vessels in the parenchyma. 


C. Chronic Infections of Kidney Complicating Other Lesions of Kid- 
ney . — Hypertension has been described in individuals suffering from a 
variety of noninfeetious diseases of the kidney; viz., renal calculi, ob- 
structive uropathies, congenital anomalies of the kidney, etc. If a care- 
ful study of such cases were made, undoubtedly one would find in the 
majority of instances either a concomitant chronic infection or a history 
of an antecedent, intermittent, or recurrent infection whose occurrence 
has been forgotten by the patient and overlooked by the physician. 
Ample clinical evidence in support of this contention is found in the 
high incidence of chronic infection (pyelonephritis) in eases of renal 
calculi and obstructive uropathies, and in either case the end picture 


may be a contracted and scarred kidney of chronic pyelonephritis or a 
pyonephrotic kidney of varying size. 

In view of the close relation between chronic pyelonephritis and 


calculi one would expect to find reports of more eases of renal calculi 
accompanied bv hypertension. The paucity of such reports may be 
due to any of the following reasons: 

1 In the ease of renal calculus, pain is an early but prominent feature 
j, t j ie disease which demands relief before infection or sufficient renal 
damage is permitted to occur and initiate those pathologic changes con- 
ducive to hypertension. , . . 

o In chronic cases the presence of a calculus and infection is entirely 
*'■ . , disregarded as the clinician’s attention is focused on the 

overloo ce . jjj ie other hand, the urologist may overlook or fail to 

hypertensio • e{; hypertension, as his efforts are directed toward 

recognize H eradiation of the infection, or alleviation of the 

removal ot tire stun , 


pain. . e j ocat i on of the calculus or the character of the 

3. In some cases calculus may produce pathologic changes 

infection associated w 
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localized to a particular portion of the kidney with a minimum degree 
of renal damage, 

4. A reluctance on the part of most physicians to report unusual case 
reports. 

In their series of 56 cases of hypertension associated with renal dis- 
eases, Schroeder aud Steele found S eases of renal calculi accompanied 
by hypertension and obtained a previous history of renal calculus or 
colic in 4 other patients. Maher and Wosika encountered IS eases of 
renal calculi in their series of 101 eases of primary urinary tract 
pathology associated with hypertension. Longcope described a ease of 
hypertension in an individual in whom a chronic renal infection accom- 
panied a calculus imbedded in a calyx. Walters and Barker, Mul- 
liolland, and Nesbit and Ratliff reported eases of hypertension due to 
unilateral pyelonephritis secondary to renal calculi successfully treated 
by nephrectomy. Botlie reported a ease of calculous pyonephrosis with 
hypertension which showed a slight improvement following nephrec- 
tomy. 

It is also well to bear in mind that pathologic changes in or about 
the kidne}- other than pyelonephritis may develop and produce severe 
damage to the kidney parenchyma or to the vascular supply. A severe 
infection associated with a calculus in the kidney or ureter may cause 
extensive inflammatory or fibrotic changes in and about the kidney, 
pelvis, and ureter which may seriously interfere with the blood supply 
to these structures or act as an obstruction to outflow of urine. Such 
changes, which are prone to occur following the operative removal of 
stones from these structures as a natural sequela or as the result of 
faulty drainage, may lead to renal ischemia and subsequently influence 
the development of hypertension. 

An example of the serious damage which may result from a ureteral 
calculus is demonstrated by the ease reported by Hyman, and sub- 
sequently referred to by Oppenheimer, Klemperer, and Mosehkowitz. 
A ureterolithotomy was performed in a male 30 years of age, which 
was followed two years later by pyelonephritis, hypertension, headaches, 
and retinal changes. Nephrectomy resulted in a cure. The striking 
pathologic finding was a marked sclerosis of the renal artery whose 
lumen was almost three-fourths occluded. Ton Monakow also reported 
a ease of ureteral calculus accompanied by an elevation in blood pressure 
to 170 mm. Hg which fell to 112 mm. after removal of the stone. 
Schroeder and Fish described a ease of arterial hypertension which ran 
a malignant course and was associated with bilateral organic renal dis- 
ease. The left kidney which was removed contained a calculus, chronic 
pyelonephritis and a hydronephrosis due to an aberrant vessel constrict- 
ing the uveteropelvie junction. A slight hydronephrosis was present on 
the right. Nephrectomy did not influence the rapid downhill course 
Marked arteriolar changes were present in the left kidney with slight 
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but sun liar changes in the right kidney. Everett reported a ease of 
ureteral calculus accompanied by a pyelonephritk contracted kidney of 
long standing in which a reduction of hypertension followed nephrec- 
tomy. 


Bothe noted a slight reduction in blood pressure following the removal 
ot a calculous pyonephrotie kidney associated with an angulation of the 
upper meter due to a fibrous band in a female, aged 53 years, who had 
had high blood pressure for years and suffered a paralytic stroke five 
months prior to operation. Her preoperative blood pressure ranged be- 
tween 174 and 202 mm. systolic and 104 and 14S mm. diastolic, but fol- 
lowing operation her general condition improved considerably and her 
blood pressure fell to 140/S0 one week after discharge from the hospital. 

Brauseh, Walters, and Hammer observed hypertension in 161 eases 
(20.3 per cent) of 793 patients operated upon for stone; i.e., hydro- 
nephrosis with stone, stone with renal infection, stone without renal in- 
fection. They emphasized the important role of secondary infection 
in the production of hypertension in these eases which is substantiated 
by the fact that hypertension was present in 22.5 per cent of cases with 
infection as compared to 5.7 per cent without infection. They main- 
tained that the deciding factor was not the degree of infection but the 
presence of vascular sclerosis and parenchymal atrophy. The incidence 
of hypertension in bilateral nephrolithiasis was no greater than in uni- 
lateral nephrolithiasis. It was interesting to note that in 8 (20 per cent) 
of 20 cases of atrophic pyelonephritis with hypertension, nephrolithiasis 
antedated the other conditions. 


The postoperative course of the blood pressure was studied in 1S9 
eases of which 111 had preoperative hypertension and 78 had a normal 
preoperative blood pressure. In the group of 111 cases with pre- 
operative hypertension, the blood pressure returned to normal after 
operation in 25 eases, returned to normal for six months to two years but 
subsequently became elevated in 10 eases, and was uninfluenced in 76 
cases. In the group of 7S eases with normal blood pressure before opera- 
tion hypertension developed following a conservative operation in 10 
cases several of whom required secondary nephrectomy before the blood 
pressure returned to noimal. 

c e __(Gyn., No. 1714.) S. D., 4S years of age, female, white, married, house- 
... ' - '^furred to me for urologic study on April 10, 1939. The family history 
6 ’ ''| mpor tant. She had enjoyed good health until thirteen years previously, 
was u ^ P . 3 a right renal colie which recurred at intervals of from one to 

when sie November, 193S ’ when a urolo S ic stud X was t,one elsewhere 

three 111011 ^ ^ reJ )nl calculus was made. The calculus was removed by 

and a diagnosis ° t jie patient developed signs and symptoms of acute 

operation. 11 ^ hf ' kidney and bladder vrhieh had persisted to date despite 

infection of the ri D j„ a ndelic acid, pyridium, sulfanilamide, etc. In 

treatment with various pa j’ n localized to the right kidney area accompanied 

the last month she >a 6 urinary frequency, burning, pyuria, etc. The 

by chills, fever, nausea, vonutm o; 
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patient also complained of frequent headaches and dizzy spells in the three or 
four months before admission. She stated that she had been treated for “high 
hlood pressure ” the past three years. 

Examination disclosed tenderness over the right kidney with a positive right 
ureteral point. Blood pressure varied between 1SS/100 and 210/110. Cystoscopy 
and pyelography were performed. A differential phthalein revealed appearance 
time from the right kidney to be 4 minutes as compared to three minutes from the 
left. Fifteen-minute collections from kidney showed the right kidney to be S 
per cent and the left kidney, 20 per cent. A diagnosis of staghorn calculus of the 
right kidney with chronic recurrent pyelonephritis (Bacillus coli) was made. There 
was an abnormal angulation at the right ureteropelvic junction which probably 
developed after previous operation and was responsible tor the recurrent stone 
formation and the persistence of the renal infection. 

On Apr. 25, 3939, a right nephrectomy was done. The patient made an unevent- 
ful recovery and was discharged from the hospital on May 20, 1939. During the 
last week of her hospital stay the blood pressure varied between 124 and 138 systolic 
and 00 to 70 diastolic. On Feb. 21, 1940 (ten months after operation), the blood 
pressure was 152/86, and on May 29, 1940 (thirteen months after operation), 15S/92. 

The pathologic diagnosis was (1) chronic pyelonephritis, (2) renal calculus, and 
(3) kidney infarcts. A marked thickening of the walls of the smaller blood vessels 
was noted with occasional obliteration of some arterioles. The changes were 
graded 2-f. 

Case 7. — (G. U., No. 1681.) J. C., 49 years of age, male, white, married, sales- 
riian, was admitted to the Sinai Hospital on Apr. 23, 1935, complaining of pain in 
his left kidney region and hematuria of two weeks’ duration. On April 1, 1932, 
he had had a left nephrolithotomy for renal calculi. Following this operation, 
he was asymptomatic until 2 weeks before this admission. 

Physical examination disclosed chronic bronchitis and bronchiectasis in addition 
to tenderness over the left kidney. His blood pressure on admission was 16S/SS, 
and prior to operation varied between 366 and 174 systolic and S4 and 92 diastolic. 
The urine revealed 50 pus cells, occasional red blood cell per high-power held, and 
colon bacilli. The blood urea nitrogen was 15.12 mg. per cent and combined 
phthalein excretion was 50 per cent for the first hour and 10 per cent for the 
second hour. Ophthalmoscopic examination was not done. Cystoscopy and pyelog- 
raphy revealed a nonfunctioning left kidney containing a large staghorn calculus. 
Phthalein excretion from the right kidney was 30 per cent in fifteen minutes but 
none from the left kidney in same time interval. 

On Apr. 26, 1935, a transperitoneal left nephrectomy was done; the patient 
made an uneventful recovery, except for hiccoughing which was successfully com- 
bated and for a disruption of the wound requiring secondary closure. He was dis- 
charged on June 11, 1935 (forty-seventh postoperative day). Prior to discharge 
the blood pressure was 140/SO. The patient returned for periodic examination to 
his family physician, who reported that his blood pressure taken on July 15, 1935 
was 132/SO and had remained at about the same level during the next three years 
that he was under observation. 

The pathologic diagnosis was (1) chronic pyelonephritis and (2) nephrolithiasis. 
In addition to the characteristic lesions of chronic pyelonephritis, slight endarteritic 
changes were noted in the walls of the smaller blood vessels which were graded 
1 +. 

CASE 8. ( G. V; No. 1668.) J. R„ 52 years of age, white male, married bar- 

tender, was first seen in my office on Feb. 5, 1939, complaining of pain in his ’right 
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lumbar region lor the previous ten .lay.,. Family history was negative. He had 
enjoyed good health until 1930, when he laid a stone removed from his right kid- 
ney. For the previous three years he had been receiving treatments for a chronic 
prostatitis. The patient stated that lie had been treated for the usual symptoms 
of “high blood pressure” for the past two years. At present he complained of 
dull intermittent pain in the right kidney region, urgency, frequency, nocturia. 
There was no hematuria or colie. 

Examination disclosed tenderness over the right kidney, anteriorly and posteriorly, 
and u mild degree of chronic prostatitis. Ophthalmoscopic examination revealed 
moderately advanced changes in retinal vessels indicative of hypertensive disease, 
itlooil pressure was 192/110. Voided specimen of urine showed a trace of albumin 
nnd microscopically S to 10 pus cells per high-power held. Cystoscopy and pyelog- 
raphy revealed a group of three small stones in the lower major calyx of the right 
kidney which showed the typical pyelographie changes characteristic of chronic 
atrophic pyelonephritis. The right ureter appeared to angulate at the ureteropelvic 
junction. Fractional differential phthalein test revealed the appearance time from 
the right kidney to be IS minutes and from the left kidney to be 3 minutes; a fifteen- 
minute collection from the right kidney was 0 and from the left kidney was 18 
per cent. A diagnosis of right chronic atrophic pyelonephritis with nephrolithiasis 
and hypertension (Goldblatt type) was made. , 

The patient was admitted to the Sinai Hospital on March 13, 1930. Blood 
pressure determinations were done daily and ranged between 192 and 19G systolic 
and 110 to lid diastolic. Two electrocardiographic examinations were made and 
were reported negative. On March 13, 1939, right nephrectomy was performed. 
His blood pressure fell to 102/100 on March 22, 1939, and to 15S/100 on March 
27, 1939, when he was discharged from the hospital. 

The wound continued to drain a slight amount of .seropurulent material, and 
the patient was readmitted to the hospital. The source of the persistent infection 
iu the wound was found to be in the right ureter a ml on June 9, 1939, a right 
ureterectomy was performed and the wound healed per primam. He was discharged 
from the hospital on June 23, 1939, at which time his blood pressure had fallen 
to 134/SO. The patient subsequently reported to the outpatient clinic at regular 
intervals, and blood pressure determinations were made which varied from 134 to 
140 systolic and SO to 110 diastolic. The last recording was 140/10S on April 
13 1940 (thirteen months after nephrectomy). 

The pathologic diagnosis was (1) chronic pyelonephritis (2) renal calculi, and 
(3) renal infarcts. Typical changes of chronic pyelonephritis were present through- 
out the kidney. Hyalinization of the glomeruli was especially marked. Sclerotic 
changes in the walls of the cortical vessels were rather striking for many vessels 
showed complete obliteration and fibrotic replacement. The vascular changes were 

graded 2.+. 


„ g (Gy 11 - No., 99629.) B. C., 3S years of age, female, white, married, house- 

., " . 'admitted to the Sinai Hospital on Dec. 3, 1938, with a complaint of pain 
- V1 " >ht lumbar region of two months' duration. Family and past histories 

in ier rig t that the patient iiad been treated in the psychiatric and 

were nega » > • atJent departments in the previous five years for various 
endocrmologi . maladjustments. Five days before admission she had had an 

physical and men a hematuria which persisted until admission to the 

attack of right renal cone 


hospital. . . 1 d an obese female of low mentality with marked spasticity, 

Examination revea e ^ ^ r igHt kidnev. A medical consultation was ob- 
rigidity, and ten “ina diagnosis was made: (a) hypertensive cardiovascular 
tained, and the ^ with polyglandular dyserasia (moron), and (e) moron. 
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The eye grounds were reported negative. Her blood pressure was taken daily for 
the first week and varied between 160 and 164 systolic and 100 and 104 diastolic. 
The urine was negative except for many pus cells and red blood cells. Blood urea 
was 21.57 rag. per cent. Basal metabolism was 9. Cystoscopy and pyelography 
disclosed a large calculous pyonephrotie right kidney. Fractional differential 
phthalein showed a normal appearance time from each kidney, but the lo-minute 
excretion from the right kidney was 3 per cent against 15 per cent from the left 
kidney. 

On Dec. 15, 193S, a right nephrectomy was done. The patient had an uneventful 
recovery and was discharged on Jan. S, 1939. Following operation the blood pres- 
sure fell to 120/64 and prior to discharge from the hospital was 120/80. The 
patient returned to the outpatient clinic for observation where tiie following blood 
pressure determinations were made: May 2, 1939 (four and one-half months post- 
operativelv), 170/120; May 16, 1939 (five months postoperativelv), 180/110; Aug. 
2, 1939 (eight months postoperatively), 150/9S; Oet. 10, 1940 (twenty-two months 
postoperatively), 146/100. On May S, 1939, ophthalmoscopic examination revealed 
no signs of nephritis or hypertension. 

The pathologic diagnosis was (1) pyonephrosis and (2) multiple renal calculi. 
Histologie studies revealed changes characteristic of a well-advanced pyonephrosis; 
viz., abscess formation, fibrosis, granulation tissue, round-cell infiltration, degenera- 
tive and atropliie changes in the glomeruli and tubules, and hemorrhagic infiltra- 
tions. Sclerotic changes in the walls of the smaller renal vessels were readily dis- 
cernible and graded 1-f. 


Case 10. — (Gym, Xo. S076.) R. G., 51 years of age, white female, married, house- 
wife, was admitted to the Sinai Hospital on Xov. 9, 1938, complaining of pain in 
the left kidney region. The family history was unimportant. She had had an 
appendectomy and suspension of the uterus in 1923. In May, 1928, she was ad- 
mitted to the hospital and treated for hypertension and migraine, during which 
time the blood pressure varied from 218/130 to 162/102. In February, 1934, the 
patient had a right pyelolithotomy performed. 

For the past two years the patient had complained of dizziness, headaches, nau- 
sea, vomiting, paroxysmal nocturnal dyspnea, loss of weight, oliguria, nocturia, 
and frequency. Physical examination revealed hypertensive cardiovascular disease, 
cardiac hypertrophy, and a hernia of the right kidney incision. Ophthalmoscopic 
examination revealed moderately advanced hypertensive changes of the retinal 
arteries. 

Cystoscopy and pyelography revealed a calculous pyonephrosis on the right. The 
fractional phthalein showed 2 per, cent excretion from the right kidney and IS 
per cent from the left kidney in fifteen minutes. Urine showed a faint trace of 
albumin and microscopically a few pus and red blood cells and rare cast, and many 
colon bacilli. The blood urea was 45.53 mg. per cent. Combined phthalein test 
showed 20 per cent excretion for the first hour and 10 per cent for the second hour. 

On Xov. 12, 193S, the right kidney was removed. During the convalescence, the 
blood pressure fell from the preoperative level of 220/120 to 140/90. The patient 
was discharged on Dec. 4, 193S. 


Following discharge from the hospital, the patient was observed in the out- 
patient department. Her blood pressure gradually increased above the preopera- 
tive level, and on March 12, 1939, the reading was 220/124. She was readmitted 
to the Sinai Hospital on Dec. 20, 1939, with typical signs and symptoms of an 
advanced hypertensive cardiovascular disease with marked impairment of renal 
function. All of the clinical symptoms noted above were increased in severity 
Her blood pressure on admission and for several days thereafter varied between 
230 and 245 systolic and 126 to 135 diastolic. Ophthalmoscopic examination showed 
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a marked increase in the extent and severity of the hypertensive changes in the 
retinal arteries. Plain plate of the genitourinary tract showed no radiabie shadows, 
but there was a decided decrease in the size of the left kidney. The blood chem- 
istry at this time showed serum protein, 0.33 mg. per cent; albumin, 3.04 mg. per 
cent; globulin, 2.41 mg. per cent; blood chlorides, 530 mg. per cent; urea, 21S.19 
mg. per cent; creatinine, 3.0!) mg. per cent; calcium, 11 mg. per cent; and PO„ 
3.0 mg. per cent. She had a marked anemia with hypochromia with a hemoglobin 
of 10 Gm. (5i> mg. per cent); white blood count was 7,S00; combined phthaJein 
showed total excretion of 5 per cent for the first hour and 0 per cent for the second 
hour. With rest in bed and other supportive measures, including frequent intra- 
venous injections of glucose, there was a slight reduction in blood pressure to 
210/120. However, in view of extensive hypertensive cardiovascular damage and 
seriously impaired renal function, the prognosis was poor. 

II. Obstructive Lesions of the Upper Urinary Tract. — la the lat- 
ter half of the nineteenth century, a period in which accurate blood 
pressure determinations were not available, one finds an occasional refer- 
ence to the occurrence of cardiac hypertrophy (i.e., hypertension) in 
eases of obstructive lesions of the genitourinary tract. This pathologic 
complication was first pointed out by Friedreichs in 1853 in a ease of 
hydronephrosis and was subsequently observed by Potain in 1875 in 
prostatic enlargement, by Cohnheim in 1S77 in bilateral ureteral ob- 
struction due to a huge vesical calculus, by Strauss in 1SS2 in ureteral 
obstruction resulting from a carcinoma of the uterus, and by Weill in 
chronic cystitis with ascending infection of both kidneys. 

In the past twenty years urologists have recognized the frequent oc- 
currence of hypertension in various obstructive lesions of the urinary 
tract. In 1906, Passler reported a case of anuria of twelve days’ dura- 
tion, resulting from partial occlusion of both ureters by infiltrations 
from a carcinoma of the cervix. In 1911, Braasch described three cases 
of carcinoma of the uterus with infiltration of the broad ligaments and 
compression of both ureters. During the periods of anuria, the blood 
pressure rose sharply but fell to normal when the urinary obstruction 
was relieved by ureteral catheterization. The beneficial effects of pre- 
liminary bladder drainage in cases of hydronephrosis with hypertension 
due to prostatic hypertrophy was first pointed out by von Monakow and 
Mnver in 1918, and subsequently in 1920 and 1923 by O’Connor, and 
• 1936 by Bitch. In 1933, Abeshouse pointed out that in patients with 
1U te retention of urine, the blood pressure, especially the systolic, is fre- 
aCU 4 - 1 . oWited and gradually recedes with the institution of decom- 
<|ueU . 5 , drainage. Abeshouse also stressed the fact that not all h.v- 

presston a ]” a d a lowering of the blood pressure upon relieving 

pertenswe p . the num ber of patients so developing a lowering 

the obstru SU g„ es ted prostatie obstruction as one of the causes 

of hypertension. , nertension j n obstructive lesions of the upper 

The ^ occurrence^o^^^ate^ }n 1917 by Lohlein, who described 2 
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eases of hydronephrosis accompanied by elevations in the blood pressure . 
as high as 210/140, and in 1936 by Riteh, who described the beneficial 
effects of conservative urologie treatment in 5 cases of hydronephrosis 
due to various causes,- i.e., ureteral strictures, ureteral kinks, ptosis, etc. 
Fishberg noted a marked reduction in hypertension following the use 
of an indwelling catheter in a ease of tabetic paralysis of the bladder. 

The significance of hydronephrosis as an etiologic factor in the pro- 
duction of hypertension is forcibly brought out by the recent statistical 
studies on the incidence of the various genitourinary lesions in eases of 
essential hypertension. In the 101 cases reviewed by Maher and Wosika, 
the frequency of primary obstructive lesions was as follows: prostatie 
obstruction, 31 cases-, prolapse of uterus with hydronephrosis, 7 cases; 
diverticula of bladder, 5 eases; urethral stricture (male), 4 cases; car- 
cinoma of bladder with ureteral obstruction, 2 cases; bladder stone, 1 
case; and vesieovaginal fistula, 1 ease. Sehroeder and Steele demon- 
strated the presence of some primary abnormality in the urinary tract 
by intravenous urography in 50 of 71 cases of essential hypertension. 

In 36 eases the lesion was either a unilateral or bilateral hydronephro- 

sis due to various types of obstruction. Oppenheimer, Klemperer, and 
Moschkowitz noted the oeciu-renee of hypertension in 21 (32 per cent) 
of 66 cases of unilateral hydronephrosis or chronic pyelonephritis; the 
latter grouping was made because of the frequent association of the 
two lesions. 

A. Hydronephrosis . — In a discussion of the pathogenesis of hyper- 
tension in obstructive lesions of the urinary tracts, we are not particu- 
larly concerned with the site or cause of the obstruction, for the effect 
on the upper urinary tract is practically the same in all instances. 

Urologists are familiar with the clinical and pathologic changes pro- 

duced by simultaneous complete or partial obstruction of one or both 
ureters. However, the clinician, in the absence of roentgenologic and 
urologie investigation, may easily confuse the picture with chronic 
nephritis. The clinical diagnosis may be further complicated by pres- 
ence of infection which may overshadow the effects of obstruction. This 
is particularly true in the case of chronic bilateral ureteral obstruction 
of moderate degree as pointed out by Scholl. He has also emphasized 
the fact that extensive destruction of the renal parenchyma is rarely 
caused by infection but is usually accompanied by some degree of ob- 
struction in the urinary tract. 

We are greatly indebted to Hinman for his comprehensive studies on 
the pathogenesis of hydronephrosis. He has employed the term hydro- 
nephrotic atrophy to denote the usual changes of pelvic dilatation and 
parenchymal atrophy following any type of urinary obstruction and 
considered it to be essentially a pressure and anemic atrophy. He dif- 
ferentiated this type from (a) primary atrophy in which the atrophy 
occasionally develops following a complete obstruction without dilatation 
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oC Uui l ,ulv * s and tubules of the kidney; and (b) secondary atrophy in 
ninth changes due to infection or disuse are superimposed upon the 
above two types. In the development of hydronephrotie atrophy, four 
factors are involved; viz., pressure, anemia, degeneration, and disuse. 
I lessure is undoubtedly the primary factor, but anemia or ischemia 
plays the most important role once the process is initiated. 

By studying the injected arterial tree, Hinman demonstrated that in 
hydronephrosis the circulatory changes are produced by mechanical dis- 
placement acting by compression or stretching according to the course 
of the vessels in relation to the direction of the pressure. As the pres- 
sure from the distending pelvis is transmitted to the parenchyma, the 
larger vessels become attenuated by stretching and a diminution of the 
(low of blood to and from the cortex ensues with a resulting partial 
anemia of the cortical parenchyma. The latter changes tend to lessen 
the normal tissue tone and favor a relaxation which is conducive to 
further changes by the process of distention. 


The effect of this partial ischemia upon the development of hyper- 
tension is not known, but judging from the absence of hypertension 
in the vast number of cases of uncomplicated hydronephrosis, one may 
infer that there is little clinical evidence of such a relation. However, 
when the pathologic process of pressure and atrophy advance to the 
stage of renal insufficiency or when infection is superimposed, the like- 
lihood of hypertension’s developing becomes greater. Many of the 
obstructive uropathies, irrespective of the site or degree of the primary 
obstruction, are accompanied by pyelonephritis and calculi which have 
been shown to have a close etiologic relation to hypertension. 


B. Pyonephrosis. — Some degree of infection usually occurs in prac- 
tically every case of advanced hydronephrosis. The symptoms resulting 
from such an infection may be so severe or annoying that urologie in- 


vestigation is instituted and a hitherto unsuspected and infected hydro- 
nephrosis revealed. Infection is particularly prone to occur in eases 
of hydronephrosis caused by calculi in the renal pelvis. The pathology 
of an infected hydronephrosis is essentially a pyelonephritis involving 
the pelvic mucosa as well as the parenchyma. The infectious process 
may spread and cause extensive suppurative changes in the parenchyma, 
producing a pyonephrosis. 

Quinby reported a ease of severe hypertension (systolic pressure of 
mm in a hoy 14 years of age, caused by bilateral hydronephro- 
. , a ' chronic pyelonephritis. Following the removal of a severely 

f 3 aU a wwv the patient remained free from hypertension for ten 
damage f’ 1]ow ing year the hypertension recurred. Hinman ob- 

years, but „ ig vears 0 f age who had a systolic 


years, but _ ^ in a bo y of 18 years of age, who had a systolic 

served a sinu ^ die<J of iu . e mia without any operation. Fish- 

pressure oi -u 1 o £ con g en ital bilateral hydroureter and hydro- 
berg described a ca ^ valvu j ar obstruction in the urethra and 

nephrosis caused by a eong 
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accompanied by hypertension. I have encountered a similar ease in 
hi a 19-month-old boy, whose blood pressure before cystoseopie excision 
of the valves and left nephrectomy was 128/85 and during the period 
of postoperative convalescence fell to 108/65. Unfortunately a follow- 
up study of the blood pressure could not be obtained as the boy’s par- 
ents moved to a distant city and could not be contacted. Relatives in- 
formed me that the boy has shown a remarkable improvement two years 
later. This case is not included hi Table III. 

Morton observed a marked fall in blood pressure following the re- 
moval of a liydronephrotic kidney caused by an anomalous blood vessel. 
Similar results have been obtained by Ritch, Nesbit and Ratliff, and 
Bartels and Leadbetter. Everett reported three interesting eases of 
hydronephrosis in whom a reduction in hypertension followed operation : 
(1) a colored female, aged 26 years, who had a large fibroma enucleated 
from the left iliac fossa, and ligation of the left ureter performed 
one year prior to the left nephrectomy for hydronephrosis complicated 
by chronic pyelonephritis; (2) a female, aged 37 years, who had a 
left nephrectomy for hydronephrosis with an old pyelonephritis and 
extensive atrophy of the left kidney and marked vascular sclerosis; 
and (3) a female, aged 36 years, who was subjected to a ligation of an 
aberrant vessel and resection of a large extrarenal pelvis in a ease of a 
large hydronephrosis produced by obstruction of the ureteropelvic por- 
tion of the ureter by the aberrant vessels. 

Bothe repoi’ted a case of hypertension (174/120) in a 3-year-old boy 
associated with bilateral hydronephrosis (more marked on the left) and 
complete stenosis of the left ureteral orifice. Following a suprapubic 
operation in which the left ureteral orifice was incised and the lower 
ureter freed, the blood pressure was greatly reduced (114/54). 

Braascli, Walters, and Hammer observed a low incidence of pre- 
operative hypertension; viz., 51 cases (13.7 per cent) in a series of 372 
eases of hydronephrosis without stone. Hypertension occurred in only 
7.7 per cent of patients under 50 years of age as compared with 38.9 
per cent of patients over 50 years. The size of the hvdronephrotie sac 
and the degree of pyelectasis did not appear to be factors in the pro- 
duction hypertension. They believed that the deciding factors were 
the resulting sclerotic and atrophic changes in the renal parenchyma. 
They studied the postoperative course of the blood pressure of 73 pa- 
tients operated upon for hydronephrosis without stone. In this group 
29 had hypertension preoperativelv, and following operation, the blood 
pressure returned to normal in 10 cases (34.4 per cent) and remained 
so for from one to five years. Eight of these patients had a nephrec- 
tomy and two, a conservative operation. The hypertension persisted 
in 16 of the 29 eases treated by nephrectomy. In 42 cases the blood 
pressure was normal before and after operation, and in 2 other eases 
the blood pressure was normal before operation, but following opera- 
tion hypertension developed. The preoperative hvpertension which 
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was present in 4 eases o£ bilateral hydronephrosis, was not affected by 
surgical drainage, However, hypertension developed in 2 cases of 
bilateral hydronephrosis in which one kidney was suddenly occluded, 
and following renal drainage, the blood pressure returned to normal in 
one case. 


Cask 11. (0. U., No. .1383.5.) J. B., white, male, 8% years of age, was ad- 

mitted to tho surgical pediatric ward of the Sinai Hospital on May 3, 1933, com- 
plaining of pain in the right half of the abdomen of fourteen hours’ duration! His 
family and past histories were essentially negative. About five days prior to ad- 
mission to the hospital, the patient hud a sore throat which cleared up with usual 
family remedies. On the morning of admission, the patient complained of dull 
pain in tho right half of his abdomen, accompanied by nausea but no vomiting. 
His mother gave the patient a dose of epsom salts and later applied an ice bag 
to the right abdomen. Since pain persisted the mother brought the child to the 
hospital. She stated that two years before the patient had had a similar episode 
of pain in his right abdomen which persisted for one week and subsided with ice 
bags. 

Examination disclosed a moderately distended abdomen with marked tenderness 
over the entire right upper and lower quadrants with a round tender mass about 
10 cm. in diameter in the right upper quadrant. Leucocyte count was 8,000 with 
70 per cent polymorphonuclear cells. The urine was negative except for an occa- 
sional pus cell. After much deliberation and consultation between the surgical 
and pediatric consultants, a tentative diagnosis of intussuception producing an 
incomplete intestinal obstruction was made in full cognizance that the laboratory 
findings did not support or confirm such a diagnosis. Exploratory laparotomy was 
performed, no intraperitoneal pathology was found, and a normal appendix was 
removed. The right kidney fossa was found to be occupied by a soft, fluctuant, 
cystic mass about 12 cm. in diameter, which was considered to be a multilocular 
pyonephrotic kidney. 

On May 16, 1933, the patient was transferred to the urologic service. Cystoscopy 


and pyelography revealed a nonfunctioning multilocular pyonephrotic kidney on 
the right. The blood urea varied between 32.36 and 39.55 mg. per cent. A com- 
bined phthalein test showed 50 per cent excretion in the first hour and 25 per cent 
in the second hour. On June 16, 1933, a right nephrectomy was done. The opera- 


tive specimen showed a largo multilocular pyonephrotic kidney with a dense stric- 
ture of the ureter about 1 cm. below the ureteropelvic junction. The patient made 
an uneventful recovery. He was discharged from the hospital on June 2S, 1933. 

During his stay in the hospital a daily blood pressure record was kept. Prior 
to nephrectomy the blood pressure varied from 140/84 to 160/100. Following 
phrectomy the blood pressure fell to 135/80. He was followed in the outpatient 
V "c for several years. The blood pressure gradually diminished to 120/80. The 
W blood pressure was recorded on Oct. 17, 1940, as 120/82. 

The pathologic diagnosis was (1) multilocular hydronephrosis and (2) chrome 
1 't' ° Numerous areas of diffuse and focal leucocytic infiltrations were 
pyelouepmis. . n t the kidney parenchyma in addition to atrophic and 

found scatter tJie tu b u les and glomeruli. The vascular changes were 

a**- 

rr No 1945.) C. J-, 56 years of age, white, married, male, iron 
CASE 12.-0- • to the Sinai Hospital on June 30, 1936, for pain 

and steel worker, was hematuria. His family and past histories were un- 
in his left kidney region c0 Hc four weeks previously and iiad noticed 
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Physical examination was essentially negative except for tenderness in the left 
kidney region, cardiac hypertrophy, and hypertension ( 180/120) . Unfortunately 
an ophthalmoscopic examination was not clone. Urine examination disclosed 2-~ 
albumin with S to 10 pus cells and 10 to 15 red blood cells per high-power field. 
Blood urea nitrogen was 21.61 mg. per cent. Cystoscopy, pyelography, and a dif- 
ferential phthalein test were performed and a diagnosis of nonfunctioning left 
pyonephrosis was made. On July 1, 1936, a left nephrectomy was done and the 
patient made an uneventful recovery, being discharged from the hospital on the 
twelfth postoperative day, when the blood pressure was 110/90. 

The patient was under observation for the next ten months. The red and white 
blood cells disappeared from the urine, likewise the albumin. His blood pressure 
varied between 110 and 111 systolic and 90 and 92 diastolic. The patient was 
lost sight of until Oct. 13, 1910, when he reappeared for examination. The blood 
pressure was 170/110. The urine gave a positire test for albumin and on micro- 
scopic examination showed no red blood cells or pus cells but an occasional hyaline 
cast. Ophthalmoscopic examination revealed dilation and tortuosity of the retinal 
vessels. The patient stated that in the past six months he had been troubled with 
headaches, weakness, dizzy spells, and dyspnea. 

The pathologic diagnosis was (1) pyonephrosis and (2) chronic pyelonephritis. 
Characteristic degenerative changes, such as fibrosis, necrosis, abscess formation, 
hyalinization, acute and chronic inflammatory infiltrations, etc., were found through- 
out the kidney. The large renal vessels at the hiluni were thickened and the smaller 
vessels throughout the kidney parenchyma showed chronic degenerative changes in 
their walls varying from slight fibrosis to complete obliteration (grade 3+). 

Case 13. — (G. U., Xo. 1175.5.) II. K., 51 rears of age, white, male, married, 
tailor, was admitted to the urologic ward of the Sinai Hospital on Feb. 9, 1932. 
In Xovember, 1931, be had developed signs and symptoms of a stone in his right 
kidney, and a right nephrolithotomy was performed. The patient made an un- 
eventful recovery except for a small fistula, which was present at the time of this 
admission to the hospital. He also complained of urgency, frequency, and burning. 
He had gained 20 pounds in weight. The patient was also treated for diabetes. 

Physical examination was essentially negative except for tenderness over the 
right upper quadrant and right lumbar region. A small fistula was present in 
the upper end of the lumbar incision. Combined intravenous phthalein yielded 
45 per cent for the first hour and 10 per cent for the second hour. Urine showed 
a trace of albumin and 1-r sugar and an occasional pus cell. Blood urea was 35.95 
mg. per cent, and his blood sugar was 121 mg. per cent. Cystoscopy and pyelog- 
raphy revealed a nonfunctioning pyonephrotic kidney on the right side. On Feb. 
16, 1932, a right nephrectomy was done under spinal anesthesia. The patient 
made an uneventful recovery and was discharged from the hospital on Mar. S, 1932. 

Prior to operation Ids blood pres.-ure varied between 1S4 and l.SS systolic and 
119 and 114 diastolic. Following operation the blood pressure gradually fell to 
152/92 prior to discharge from the hospital. For the next two years he returned 
to the outpatient department for observation and li is blood pressure declined to 
142/99 and remained at that level. 

The pathologic diagnosis was pyonephrosis. Numerous recent and old abscesses 
were scattered throughout the scarred kidney. Several infarcts of varying =ize were 
present. Sclerotic changes in the walls of the smaller renal vessels were Quite 
marked ( gruflo 2— ) - 

<-*■ ycphroptosis.-It is highly probable that in eases of hydronephro- 
sis associated with acquired nephroptosis, the development of partial 
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renal ischemia may he considerably influenced by other vascular changes 
incidental to tiie nephroptosis. These vascular changes include (a) 
elongation, narrowing, or compression of renal vascular pedicle re- 
sulting from traction by the abnormally mobile or prolapsed kidney; 
and (b) compression or constriction of the vascular pedicle as a result 
of. renal torsion, ureteral kinks, fibrotic bands, adhesions, or aberrant 
vessels, which are the usual pathologic conditions associated with neph- 
roptosis. The effect of these vascular changes upon the intrinsic circu- 
lation of the kidney may take place long before the intrarenal circula- 
tion changes caused by the hydronephrotie atrophy are manifested. It 
is only within the past two years that methods have been devised which 
enable us to determine the extent or effect of these primary vascular 
changes of nephroptosis upon the renal circulation and function. Smith 
and his colleagues have described an iirnlin clearance test which serves 
to determine the glomerular filtrate rate, while White and Rolf utilized 
a diodrast clearance test for the determination of the total renal plasma 
flow. 


McCann and Romansky have recently studied the relation of ortho- 
static hypertension to nephroptosis by means of erect and recumbent 
pyelograms and by comparing the effect of posture on the blood pres- 
sure, on the glomerular filtration rate, and on renal blood flow. They 
found that in some instances of nephroptosis the erect posture may cause 
an orthostatic hypertension with diminution of total renal blood flow 
and relative constancy of glomerular filtration. They explained these 
findings; viz., (1) erect posture causes some slight interference with 
the afferent blood supply of the kidney which leads to the production 
of renin, and (2) the renin in turn acts to constrict the vasa efferentia 
in both kidneys which results in a decrease in the total renal blood flow 
without any appreciable effect on the glomerular filtration rate. They 
reported 5 cases of orthostatic hypertension associated with nephroptosis 
but strongly emphasized the fact that not all cases of nephroptosis are 
accompanied by hypertension. Only one patient, a female 56 years of 
a o-e who had been treated for benign hypertension for years and had 
entered a malignant phase of the disease, was subjected to operation 
after urologic study revealed a bilateral nephroptosis with a moderate 
'•‘"lit hydronephrosis. At operation a sclerotic aberrant vessel leading 
t^the upper pole of the right kidney was ligated and a nephropexy was 
0 i Following the operation, the blood pressure remained ele- 

nertormeu. _ „ , ^ .i.*„ „ „ ^ — i n ^A neniav 


studied for 1 tie e hogtatic hypertension should receive pyelograpliie 

patients exhim o tinent sur gical or otherwise, if nephroptosis 

study and appvopnate 
is disclosed. 


, ( a h 0 ve 200 mm.), out me episoues in caiw, ceieuiai, 
rate V rUoiumeared and there was a marked symptomatic improve- 
symptom p wged that all hypertensive patients should be 
went, toe linnn the blood pressure and that those 
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I have observed 2 cases of hypertension associated with nephroptosis 
which are not included in Table I or II. The first patient was a female 
19 years of age with a preoperative hypertension of 150/84, and follow- 
ing denervation of the renal pedicle and a Kelly nephropexy, the blood 
pressure fell to 130/80. The second patient was a female, 46 years 
of age, who had a preoperative hypertension of 156/86, and following 
pyelolithotomy and nephropexy, the blood pressure fell to 120/80 dur- 
ing her hospitalization. Unfortunately, a fol3ow r -up study of the blood 
pressure in both cases was not possible, as the patients left the city and 
could not be traced. 

Ritch had previously reported excellent results from the standpoint 
of improvement in renal function and reduction in blood pressure 
which were achieved by establishing good urinary drainage by ureteral 
dilatation in a ease of hydronephrosis with ptosis and obstruction at the 
ureteropelvie junction and by nephropexy in another case. Sehroeder 
and Steele observed 2 cases of unilateral hydronephrosis associated with 
ptosis in their series of 71 cases of essential hypertension. Sehroeder 
and Pish have described 2 eases of hydronephrosis with arterial hyper- 
tension treated by nephrectomy. An excellent result was obtained in 
their Case 6, in which a marked left hydronephrosis and hydroureter 
due to a stricture of the ureterovesical junction was removed despite 
the presence of a slight hydronephrosis and ptosis of the left kidney. 
Slight improvement manifested by a considerable reduction in blood 
pressure for six months was obtained in the patient in their Case 3, 
who had a nephrectomy for an advanced left hydronephrosis and a 
moderate hydronephrosis with ptosis on the right side. 

(To be concluded in the July issue. The references will accompany the last section.) 


Review of Recent Meetings 


REPORT OP THE MEETING OP THE PACIFIC COAST 
SURGICAL ASSOCIATION, LOS ANGELES, CALIF., 


PEB. 19-22, 1911 


H. II. Searls, M.D., San Francisco, Calif. 

President’s Address: The Surgical Aspects of Chronic Duodenal Ulcer, Charles 
T. Sturgeon, Los Angeles. — Sturgeon outlined the indications for surgical treat- 
ment and the different operative procedures in use. He recommended partial 
gastreetomy with partial duodenectomy as the operation of choice when the age and 
physical condition of the patient permit. He concluded with a warning that all 
patients should be kept uuder medical supervision for a long time after operation. 
An extensive list of references was appended. 


A Pamily With Hemolytic Icterus, H. H. Searls, San Francisco. — Searls de- 
scribed a family in which four patients with congenital hemolytic icterus were 
encountered, from three of whom he had removed the spleen. He discussed 
the literature and presented the clinical picture of the disease. Case reports were 
included. 

The paper was discussed by J. H. Woolsey, Woodland, Calif., who had observed 
that pregnancy in the presence of this disease was dangerous and had terminated 
fatally in several instances. He suggested that the surgical demonstration of 
deeply pigmented gallstones should suggest a study of the blood picture of the 
patient iii order to rule out the possibility of hemolytic icterus. H. Glenn Bell, 
San Francisco, discussed the paper and reported a family of live persons who 
had the disease. 


Back Disabilities Due to Strain of the MultiMns Muscle— Treated by Novocain 
Iniections William K. Livingston, Portland, Ore. — Livingston noted that in some 
coses of low back disability the essential lesion may be small and local while 
the svndromc of widespread muscle spasm, neuritis, and so forth may result from 
a „,/!«■ disturbances. He pointed out that a very common location of 
seeon a ^ {he multifldus niusele iu the region of the sacrum. If the 

point” can be located, novocain solution injected at this point may 

relieve* the "’hole vicious cycle ° f refiexes ' 

r riiereest San Francisco, in discussion, observed that the cause of 
Edgar L. ’ diffieult t0 fmd. Stretching and manipulation gave relief 

low back pam lS . but he expressed gratitude that Livingston 

in a large P erc « ntag “° t c ^ easure for the treatment of this syndrome. E. W. 
offered a new *«•!»« t Livingsto ,i had relieved him of a very serious 

Bockey, Portland, tert ^ fo)!owea a fa u. a. n. Kileore, San Fra 
back, , r„7,- T>aiVhert. £ 


serious 

R, Kilgore* San Francisco, re* 

hnri XCJiitfivcwi ** — ** 

pain in the baeU, *»«“ rick Bei chert, San Francisco, emphasized the im- 
ported a similar case ' trigger points. LeBoy Abbott, San Francisco, 

poxtance of accurately toe t of Chicago, relieve pain by injection along 

P iorted having seen Lauren 

IS™* ® 


rep 



REVIEW OF RECENT MEETINGS 


979 


the spine with a special solution which he calls “astroform.” Homer Dudley, 
Seattle, Wash., warned that the pain may recur after such treatment. 

Injuries to Ligaments of the Knee, LeKoy C. Abbott, John Saunders, and Carl 
Anderson, San 'Francisco. — In this article the authors stressed the importance of 
early and thorough examination of all injuries to the knee in order to establish 
promptly an accurate anatomic diagnosis and thereby apply the appropriate 
method of treatment. They described certain methods of examination of great 
practical value in arriving at the correct diagnosis and discussed the mechanism 
of injury to the ligament and the clinical findings in each type of injury. An 
outline of treatment concluded the paper. 

Harold Hitchcock, Oakland, Calif., in discussion urged, for minor injuries, 
early strapping and exercises for the quadriceps. He pointed out that immobiliza- 
tion results in such a weakening of the quadriceps that the disability is con- 
siderably aggravated. Aspiration of the joint is an important part of the treat- 
ment. In the more serious injuries of the knee, examination should be done under 
anesthesia. John 0. Wilson, Los Angeles, considered the authors’ physiological 
and anatomical discussions of the knee joint to be of great practical value. In 
closing, Abbott again emphasized that early operation is of very great importance 
in severely damaged joints which show marked rocking and spread of the joint, by 
x-ray examination. 


The Urological Complications of Carcinoma of the Rectum, Thomas P. Mullen 
and Paul Lestrohan, San Francisco. — The authors observed that symptoms related 
to the urinary tract are found in a high percentage of patients having cancer of 
the rectum and urged more specific attention to these symptoms before operation. 
They questioned the advisability of the routine use of the retention catheter 
and expressed the belief that if it is used it should always be accompanied 
by tidal irrigation. They recommended preservation of the pelvic splanchnic 
distribution to the urinary and sexual apparatus, whenever possible, by special 
attention to the anatomy of the posterior pelvic fascial planes. An effort should 
he made to prevent prolapse of the bladder into the posterior wound, and every 
attention given to the prevention of postoperative cystitis. 

Prank Hirunan, San Francisco, discussed this paper, concluding that these 
patients should have a complete urological study before operation, anatomical dis- 
section at operation, and that the problem of urological complications should 
have careful attention both before and after operation. E. Eric Larson, Los 
Angeles, recommended the use of chemotherapy as a prophylactic preoperative 
measure for the prevention of urinary infection and urged that the surgeon obtain 
the co-operation of a competent urologist before, during, and after operation. 


Acute Pancreatitis, George K. Rhodes, San Francisco. — Rhodes discussed the 
etiology, clinical picture, and differential diagnosis of this disease. The blood 
amylase determination was considered to be of great aid in differential diagnosis. 
He recommended conservative treatment during the acute stage whenever possible. 

E. Eric Larson, Los Angeles, in discussion, described the serum amylase test 
and again emphasized its value as au aid to the diagnosis of acute pancreatitis. 
H. Glenn Bell, San Francisco, warned that, as a general policy, too much weight 
should not be placed on a laboratory procedure aud that there was a possibility 
of missing other acute conditions in the abdomen by not operating. 


The Problem of the Common Duct Stone, J. H. Woolsey, Woodland Calif.— 
Woolsey discussed the etiology and diagnosis and emphasized the value ’of varia- 
tions in the icterus index at the time of colic, the rise going from S to 10 and 
even to 33 per cent. In all of his eases in which this variation was noted stones 
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were present in the common duet. He then discussed the treatment and urged that, 
in doubtful eases, exploration should be done. 

Way la ml A. Morrison, Los Angeles, in discussing Woolsey ’s paper, said that he 
was in agreement with IVoolsey in urging more frequent exploration of the common 
duct. George K. Rhodes, San Francisco, recommended the use of vitamin K in 
jaundiced patients and the making of cholangiograms at the table. He emphasized 
the importance of using considerable carbohydrate infusion before operation. 

Secondary Operations on the Biliary System After Cholecystectomy, Robert 
D. Forbes, Seattle. — -The author discussed the hazards of the approach in operating 
for the second time. He named the indications for this operation (the most com- 
mon being some form of obstructive jaundice) and then discussed the differential 
diagnosis, Anally reviewing a series of records of fifteen patients upon whom opera- 
tions had been performed for biliary disease following cholecystectomy. The author 
urged a more frequent exploration of the common duct at the time of performing 
cholecystectomy. 

Verne C. Hunt, Los Angeles, said that, in his opinion, the common duct should 
be opened much more frequently than is the present practice in performing 
cholecystectomy. He felt that this would be an important prophylactic move 
against the development of the type of cases described by Forbes. 


Aseptic Technic for Resection of the Stomach, Emile F. Holman, San 
Francisco. — Holman presented a motion picture in illustration of this subject. By 
using Payr clamps and a cautery, he was able to do a partial gastrectomy under 
aseptic conditions, no viseus being opened at any time. There was no discussion. 

An Instrument for Retraction of Viscera During Peritoneoscopy, Samuel 
Robinson and h. Gordon Fiske, Santa Barbara, Calif. — The authors described an 
instrument which, at the time of peritoneoscopy, may be inserted through a separate 
puncture wound into the abdomen. It consists of a cannula or tube, through which 
a web-footed retractor is inserted into the abdomen. The web foot consists of three 
blades which open fanwise when a thread is turned at the proximal end of the shaft. 
These three blades are covered with a latex seamless rubber bag, shaped like a tennis 
racket. The neck of the bag is tied to the shaft of the retractor with silk thread. 
Under the observation of the peritoneoscopist, looking through his peritoneoscope, 
the retractor is used to move about the different viscerae to give a better view of 


what is being seen. 

John C. Ruddock, Los Angeles, who has had a very extensive experience with 
't eoscopv stated in discussion that he would welcome this instrument as an 
. tQ jnV work. He then went on to classify the work of the peritoneoscope as 
a ^-hat it would show, the type of patient to he selected for its use, and so forth. 


Harold Brunn, 


San Francisco, although admitting the value of the peritoneo- 


• (W errors of interpretation made in using it might be extremely 

scope, pointed oul **>“>■ 

dangerous or even fatal. 

° thvroidism, H. S. Chapman, Stockton, Calif. — After a complete dis- 

Hyperpara an ^ a care ful clinical description of the disease, the author 


cussion 1 


presenttd his ‘ j, ranc j se0j in discussion, reported two cases from the Stan- 

P. K. Gilman, •- g ear xs San Francisco, discussed the laboratory findings, 

Residual and Progressive Postoperative Exophthalmos, 
Hew Treatment f° r ^ ^ esen ted a preliminary report in which he stated that 
Brien King, Seattle.— K-mg^ ^ gn of tbe f r0D t of the neck had resulted in the 
x-ray therapy to the g e » e 
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regression of postoperative exophthalmos. Admitting the method to be empirical, he 
nevertheless hoped that others would follow his lead so that a sufficient number of 
cases could be observed to assay its value. 

Howard C. Naffziger, San Francisco, in discussion hoped that accurate observa- 
tions with the exophthalmometer would be performed and that many basal met- 
abolic rates would be determined in the further investigation of this method of 
treatment. 

Carcinoma of the Cervical Stump, Eaymond E. Watkins, Portland. — Careful pre- 
operative study of patients requiring hysterectomy for seemingly benign condi- 
tions would reveal associated carcinoma in most instances when cancer is asso- 
ciated. The prognosis in true carcinoma of the stump is much brighter than is 
generally recognized. Irradiation of cervical stump cancer is the method of 
choice. The author performs total hysterectomy for benign tumors if the 
patient has a diseased cervix, because he feels that cervical lacerations, endo- 
cerricitis, cystic degeneration, and extensive erosion are definitely predisposing 
factors in the production of carcinoma. If total hysterectomy is contraindicated 
because of the condition of the patient, the cervix can be treated from below at a 
later time. He believes that leaving the normal cervix subjects the patient to little 
risk. Removal of the endoeervical mucous membrane is of limited value. A careful 
preliminary study of even,' patient who is to be subjected to hysterectomy should 
be done. 

A. B. Kilgore, San Francisco, in discussing this paper, recommended subtotal 
hysterectomy in young women with a healthy cervix, but in older women in the 
cancer age, and particularly in those whose cervices are diseased, total hysterectomy 
should be performed. 

An Appliance for Colostomy Control, 0. F. Hannon, Seattle. — The author 
demonstrated a mechanism he devised for the control of a colostomy. A small, thin- 
walled rubber bag could be inflated after being placed within the colostomy and 
attached by a hollow tube to a plastie disk which rested on the external opening. 
The thickness of the abdominal wall was first measured in order to have the proper 
length of tubing. Tliis tubing serves the purpose of holding tlie bag to the disk 
on the abdominal wall and also permits the passage of air into the bag when it is 
being inflated. The author stated that it had been used successfully in a number of 
eases. A general discussion indicated that tlie members of the Association felt that 
this apparatus might have a distinct place in the control of a colostomy. 



Book Reviews 


The Endocrine Function of Iodine. By William T. Salter. Cambridge, 191 0. 

Harvard University Press. Pjt. 331, with 38 illustrations. 

This monograph brings together between covers for the first time a comprehen- 
sive account of the chemical, physiologic, and clinical information relating to the 
metabolism and function of iodine compounds in the animal body. It is written 
from tile background of extensive experimental experience in the field and is of 
unquestionable value to anyone interested in thyroid function in health or disease. 
The author has reviewed the older as well as the most recent literature, covering 
5SS references, and has adequately described the results of studies of iodine balance, 
of tracer experiments with radio iodine, of estimations of circulating iodine in 
health and disease, and of other observations. The style is lucid and readable. 


A Method of Anatomy. Descriptive and Deductive. By J. C. Boileau Grant, 
M.C., M.B., Ch.B., F.K.C.S. (Edin.). Professor of Anatomy in the University 
of Toronto. Ed. 2, Baltimore, 1940, The Williams and Wilkins Co. $0. 

Medical knowledge is increasing much more rapidly than is the power of the 
human mind to learn and retain the vast amount of scientific facts before us. 
Anatomy, pathology, physiology, and therapeutics only a few years ago were the 
mainstays of the study of medicine, but now the new discoveries in biochemistry, 
chemotherapy, and the extreme development of specialties make it necessary that 
the time spent on the old fundamentals be shortened that the new essential informa- 
tion be taught. This necessitates short cuts by new methods of teaching and study 
of anatomy since the student of today now has one-fourtli to one-third the number 
of hours to devote to this subject as compared to students of twenty to thirty years 
o It is with considerable misgiving that we accept this new order, though we 
ag {ize the necessity of the change. A Method of Anatomy is an experiment in 
rfia r o- anatomy by a short method which should be given a trial. One cannot be- 
teac nn H * ^ ^ o;ne {0 aC q U ; re extensive anatomical knowledge without more 

lieve i P os methods of systematic dissection. Still a good working knowledge 

time an ' , ^ result from a study of this book and we wait with interest 

of the subjec extensive use in medical schools. The coordinate presentation 

the result 80 1 “ u functions of the anatomical parts with simple illustrations 
of physical » c ® ^ lle)p the student to retain his anatomy, 

is impressive an ^ UBique book differs from the first in the addition of 

The second edition o ^ tJle ; nser tion of more than 100 new figures. The 
a section on general ana eXcel i ont quality depicting actual dissections with 

new figures are lino draw » of them are 0 f half-page size and completely 

„ reafc clarity and accuracy ■ covers many of the more important facts 

labeled. The section telegrapt5c briefness but is nevertheless very readable 

0 f systematic anatom) " l pS2 
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and enlivened by considerable practical physiology. The brain, and the endoerine 
glands as a system are not considered. These are regrettable omissions since their 
addition mould furnish the beginning student 'with an excellent sketch of the entire 
scope of his anatomical training. Numerous minor improvements have been made 
throughout the original text, but with the exceptions noted above, the second edition 
differs little from the first. Missing is a list of references that would enable the 
reader to locate the work of the numerous authors mentioned throughout the book. 
Professor Grant ’s book remains wliat the title suggests, a method of presenting gross 
anatomy to the beginning student. As such it offers a distinct and admirable 
challenge to teachers of anatomy to present their subject in an equally lucid manner 
and to tlie student a refreshing relief from dry bones and lifeless muscles; how- 
ever, it does not eliminate the need for each medical student to possess one of the 
larger standard textbooks of anatomy, botli for his anatomical courses and as a 
reference in subsequent years. Other than a book for medical students we believe 
it will be of good value for the graduate who wishes to review his anatomy. He will 
find the subject presented in a manner that will make anatomical study a pleasure. 


The Injured Back and Its Treatment. Edited by John D. Ellis, M.D. Cloth. Pp. 
377, Springfield, 111., 1910, Charles C Thomas, Publisher. $5.50. 

This timely book of convenient size is beautifully printed and well illustrated. 
It is alone in its field and it presents a compilation of present-day information which 
should make it a useful addition to the libraries of all practitioners who are called 
upon to diagnose and treat painful backs. The contents are divided into nine chap- 
ters, of which three are by the editor and the remaining six by seven contributing 
authors. Ellis presents a most valuable chapter of sixty pages on ‘‘The Routine 
Examination of the Injured Back,” giving a clear discussion and differentiation of 
the injuries of the lower back and related conditions. Professor Sir Arthur Keith 
has written the introductory chapter and discusses the posture of man from the 
viewpoint of comparative anatomy and physiology. Conwell presents compression 
fractures of vertebral bodies and Davis and Haven discuss neurosurgic aspects of 
back injuries. Ghorndey discusses the diagnosis and treatment of conditions in- 
volving tlie articular facets and Osgood gives us an inspiring chapter on faulty body 
mechanics and posture in relation to both the prevention and care of back injuries. 
A very valuable and instructive chapter has been contributed by Davis on backache 
as a sjuiptom of visceral disease and refiex pains in tlie back which may he mis- 
takenly considered as due to injury. This chapter should he valuable to those who 
are called upon to treat or testify where objective symptoms are absent and the 
injury is questionable. 

A chapter presenting modern methods of first aid and transportation of injured 
backs would have been welcome, and it is to be hoped that the present-day standard- 
ized procedures will appear in the next edition. There is considerable valuable 
information on x-ray diagnostic procedures distributed through the book, but it is 
inadequately indexed and hard to find. A chapter in the next edition devoted to 
directions for the taking of diagnostic x-rays of the different parts of the spine 
would furnish a much needed addition, because this book will be useful in the more 
remote section.- of tlie English-speaking world as well as in the large medical centers 
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Clinical Pellagra, By .Soule Harris, M.D., Professor Emeritus of Medicine, Univer- 
sity of Alabama, ami Seale Harris, .Tr., M/D., Formerly Assistant Professor of 
Medicine, Vanderbilt University. Pp. 40-f, with 70 illustrations, including -1 in 
color, St. Louis, 1041, the 0, V. Mushy Company. $7. 

In view of (lie striking and rapid advances in the field of nutritional diseases, 
fe'eaie Harris' Clinical I’cllayra is especially welcome to the clinician. 

Written in admirable, conversational style, the book is replete with the salient 
features and cogent factual information of students of pellagra the world over; 
in addition, one derives benefit from the mature, keen analysis and interpretations 
of a number of loading experts in the field of nutrition. Among the manv salient 
features of the book tire included a fascinating and extraordinarily complete history 
ot the disease, an interpretation of the available theories of the etiology of pellagra 
in the light of modern investigative advances, special sections by Puffin, Smith, 
Svdenstricker, Porter, Higginbotham, and others, dealing with special problems in 
pellagra, lending immensely to the value of the text. The rationale of the treat- 
ment of the pellngrous patient is so clearly indicated that the veriest tyro in the 
field of nutritional problems may easily master the fundamental principles of the 
management of pellagra. 

The book consists of six sections, dealing with the history of pellagra, its etiology, 
current clinical investigations, symptomatology, diagnosis and prognosis, prophylaxis, 
and treatment. Humorous excellent plates illustrate the clinical manifestations of 
the disease. An extensive bibliography includes virtually every significant contri- 
bution to the study of pellagra. Certainly the book constitutes the most concise, 
well-authenticated treatise on pellagra extant today. 

Dr. Harris has succeeded in writing "a factual treatise on pellagra, in which the 
various phases of tiie subject are discussed, including summaries of the most im- 
portant contributions by those who may be regarded as authorities on the subject.” 


Endocrine Gynecology. By K. C. Hamblen. Cloth. Pp. 453, with ICO illustrations. 
Springfield, 111., Charles C Thomas, Publisher. $5.50. 

The author has done a magnificent task with a subject that is changing rapidly as 
a result of the relatively enormous amount of investigative work that is being done 
j the fold 0 f gynecologic endocrinology. The style is easy, and the clearly written 
text is profusely illustrated. The color plates have been beautifully prepared, and 
the photomicrographs are good, being adequate to complete the descriptions of each 

disease considered. . . . . , ». 

^ a th* outstanding qualities of the book is the dear thinking along hues ot 

m^aftolSc diagnosis litl, a resultant logical course in treatment. The 
lust p. = r ^ te S uch conditions as menstruation and anovulatory bleed- 

ternnno ogy ‘ t alo"ued, with vague terms as functional bleeding avoided. The 
ing are dam J ^ the' behavior of the glands of internal secretion has never be- 
psycluc w Jv describet i nor emphasized as much. 

fore been ‘ • lltllJ1 j tteajy has written this text for the physician doing gen- 

Though the ant ‘ thc , r0UgM y covered and tire references are complete, nmk- 
eral practice, the su U . other physicians, especially those doing gynecology. 
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Face masks, anesthetic, cross-infections J 
from (Livingstone et ah), 433 j 
Fascia, living anti preserved, comparative j 
results in use of, as suture ma- 
terial in bone ( Koontz and 
Shackelford), 493 

repair, wound healing with reference 
to (Cliouke and Whitehead), j 
194 

Fiber, synthetic (nylon), experimental j 
studies with, as buried suture I 
(Aries), 51 i 

Fibroma, ovarian (Meigs’ syndrome), 1 
pleural effusion associated with 
(Harris and Meyer), S7 
Fibrosarcoma of soft parts of extremi- • 
ties (Ziemau), 675 


Head injuries, diagnosis and treatment 
of, 161 (B. Rev.) 

Heart, bullet in, for twenty-three vears 
(Turner), 832 

Hematogenous osteomyelitis, acute, de- 
layed operative treatment of 
(Wilson), 666 

early operative treatment of 
(Key), 657 

Hemolytic streptococcus wound infec- 
tion, postoperative shock due to 
(Stewart), 204 

Hemorrhage, spontaneous cerebral (Fur- 
low et ah), 758 

Hemorrhages, repeated, liver injuries 
with report of, through biliary 
duets (Hawthorne et ah), .358 

Hepatic veins, acute complete obstruc- 
tion of (Dickinson), 567 
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Hernia, strangulated, reduced en masse 
(Casten and Bodenlieimer), 501 
High frequency current in nephrotomy, 
relative merits of scalpel and, 
(Higgins and Glazier), 220 
Hip, hypertrophic arthritis of, pathologic 
study of (Sawyer and Ghorm- 
ley), 3S1 

Hypertension and unilateral renal disease 
(Abeshouse), 942 
Hypertrophic arthritis of hip, pathologic 
study of (Sawvcr and Ghorm- 
ley), 3S1 

Hypoglycemia, chronic abdominal pain 
due to (Sandler), 331 
Hypoprothrombinemia, oral and par- 
enteral use of synthetic vitamin 
IC-active substances in (Stew- 
art), 212 


Infection, hemolytic streptococcus wound, 
postoperative shock due to 
(Stewart), 204 
Inflammation produced by staphylococci, 
capillary permeability in areas 
of (Higdon), 43G 
Injuries, head, diagnosis and treatment 
of, 101 (13. Eev.) 

Instrument for visualizing interior of 
common duct at operation (Mc- 
Iver) , 112 

Instruments, surgical, illustrations of, 
S22 (B. Bev.) 
Interscapulothoracic amputation, treat- 
ment of tumors of shoulder 
region by (Strode and Fennel), 
394 

Intra-abdominal 1 ym phade no path y, 
chronic (Wilensky), 7S7 
Iodine, endocrine function of, 9S2 (B. 
Bev.) 

■ Irrigation, peritoneal, vaccination, and 
chemotherapy in treatment of 
experimental peritonitis 
(Schmidt et al.), S71 
Islet-cell tumor, large, of pancreas 
(Brunsclnvig), 554 


Lesions, malignant mammary, role of 
estrogenic substances in pro- 
duction of (Parsons and Mc- 
Call), 780 

Ligation, successful, of patent ductus 
arteriosus (Miangolarra and 
Hull), 597 

Ligatures and sutures, annealed stain- 
less steel wire, mechanical 
superiority of (Preston), S96 
Lightning stroke, surgical aspects of 
(Crawford and Hoopes), 80 
Lipase, observations on disappearance 
of experimentally increased 
blood amylase and (Popper and 
Plotke), 700 

Liver injuries with report of repeated 
hemorrhages through biliary 
ducts (Hawthorne et al.), 35S 
Living and preserved fascia as suture 
material in bone, comparative 
results in us of (Ivoontz and 
Shackelford), 493 

Lumbar puncture, ineflScacy of, for re- 
moval of red blood cells from 
cerebrospinal fluid (Meredith), 
524 

capacity in dogs, sublethal, 
physiologic adjustment in 
(Phillips et ah), 25 
Lymphadenopathy, chronic intra-abdomi- 
nal (Wilensky), 7S7 


M 


Lung 


Jaundice, intense, of recent onset how 
Ion 0, should operation be de- 
ferred in? (Bloomfield), 01 
. l fnr relief of malfunction- 
Jcjunosto troenterosto my stoma 

(Allen and Welch), 103 

hypoprothrombinemia (Stew 

art), 21- j.j i-naphthoqui- 

synthetic ^"/administration of 
none), oral “ , 61 

(Anderson et ah), <> 


Magnesium sulfate, antispasmodie effects 
of (Lium), 53S 
Malignant mammary lesions, role of 
estrogenic substances in pro- 
duction of (Parsons and Mc- 
Call), 780 

Mammary lesions, malignant, role of 
estrogenic substances in produc- 
tion of (Pnrsons and McCall), 
7S0 

Masks, anesthetic face, cross-infections 
from (Livingstone et ah), 433 
surgical (II irshfeld and Laube), 720 
Medical practice, physiological basis of, 
S23 (B. Eev.) 

preparedness program, anesthesia in 
(Waters) 229 (E) 

Medulla, section of spinothalamic tract 
in, with observations on path- 
way for pain (Schwartz and 
O’Leary), 183 

Meetings, review of recent, 133, 141, 145, 
295, 303, 325, 320, 97S 
Meigs’ syndrome, pleural effusion as- 
sociated with ovarian fibroma 
(Harris and Meyer), ST 
Melanoma, in American negro (Ander- 
son), 425 
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Mesenteric adenitis, chronic nonspecific 
(Wilenskv), 7S7 

Mestastases in skull from carcinoma of 
thyroid (Turner and German), 
403 

Method, statistical (Campbell), S25; 
(Wilson), 941 (E) 

Muscle and fascia repair, wound healing 
with reference to (Cliouke and 
Whitehead), 194 

X 

Negro, American, melanoma in (Ander- 
son), 425 

Nephrotomy, relative merits of scalpel 
and high frequency current in 
(Higgins and Glazier), 220 

Nervous system, autonomic, progress in 
surgery of, in 193S and 1939 
(White), 115 

visceromotor and viscerosensory 
functions of (White), 124 
peripheral and central, histopath- 
ology of, S21 (B. Rev.) 

Northern Surgical Societv (Hindmarsh), 
145 

Nylon, synthetic fiber, experimental 
studies with, as buried suture 
(Aries), 51 

O 

Obstetric and gynecologic abdominal 
wound disruptions, closure and 
subsequent care of (Hesseltine 
and Bolilender), 40 

Obstetrics in general practice, 161 (B. 
Rev.) 

Obstruction, acute complete, of hepatic 
veins (Dickinson), 567 
experimental coronary sinus, physi- 
ologv, pathology, and clinical 
significance of (Robertson), 1 

Operation, how long deferred in intense 
jaundice of recent onset 
(Bloomfield), 61 

instrument for visualizing interior of 
common duct at (Mclver), 112 
method to facilitate prompt recogni- 
tion of esophageal diverticulum 
at time of (Israel), 731 
Oral administration of synthetic vitamin 
K (2-m e t h y 1-1,4-naplithoqui- 
none) (Anderson et ah), 361 
and parenteral use of synthetic vita- 
min K-active substances in hy- 
poprothrombinemia (.Stewart) 
212 

Osteomyelitis, acute hematogenous, de- 
layed operative treatment of 
(Wilson), 666 

early operative treatment of 
(Key), 657 

Ovarian fibroma (Meigs’ syndrome), 
pleural eiTusion associated with 
( Harris and Meyer), S7 


P 

Pacific Coast Surgical Association, re- 
port of meeting of, Los Angeles, 
Calif., Feb. 19-22, 1941 

(Searls), 97S 

Pain, abdominal wall, surgical signifi- 
cance of (Smith and Bates), 
74! 

chronic abdominal, due to hypogly- 
cemia (Sandler), 331 
pathway for, section of spinothalamic 
tract in medulla with observa- 
tions on (Schwartz and 
O’Leary), 183 

Pancreas, large islet-cell tumor of (Brun- 
schwig), 554 

papillary eystadenocarcinoma of (Ken- 
nard), 65 

Pancreatitis, studies on (Popper and 
Plotke), 706 

Papillary eystadenocarcinoma of pan- 
creas (Kennard), 65 

Parenteral use of synthetic vitamin Iv- 
active substances in hvpopro- 
thrombinemia (Stewart), 212 
Patent ductus arteriosus, successful liga- 
tion of (Miangolarra and Hull), 
597 

Pellagra, clinical, 984 (B. Rev.) 

Pelvic enteroccle, postoperative, and 
uterine prolapse (Frank and 
Colp), 94 

Pentobarbital, antispasmodic effects of 
(Lium), 538 

Peptic ulcer and diarrhea following re- 
moval of prevertebral ganglia 
in dogs (Lium), 53S 
ulcers, repeated perforations of 
(Cohn), 6SS 

Peripheral and central nervous system, 
histopathology of, S21 (B. 

Rev. ) 

Peritoneal vaccination, irrigation, and 
chemotherapy in treatment of 
experimental peritonitis 
(Schmidt et ah), 871 
Peritonitis, experimental, peritoneal vac- 
cination, irrigation, and chemo- 
therapy in treatment of 
(Schmidt et ah), 871 
Permeability, eapillan-, in areas of in- 
flammation produced by staphy- 
lococci (Rigdon), 436 ' 

Pleural effusion associated with ovarian 
fibroma (Meigs’ syndrome) 
(Harris and Meyer), S7 
Postoperative shock due to hemolytic 
streptococcus wound infection 
(Stewart), 204 

wound separation, management of 
(Fallis), IPS 

Preparedness program, medical, anesthe- 
sia in (Waters), 229 ( E ) 
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Preserved and living fascia as suture ma- 
terial in hone, comparative re- 
sults in use of (Koontz and 
Shackelford), -11).'! 

Prevertebral ganglia, removal of, in 
(logs, peptic ulcer and diarrhea 
following (Lium), 53S 

Priority, cooperative research and 
(Ravdin), 132 (X) 

Proctoscopic examination and diagnosis 
and treatment of diarrheas, 1 <>*> 
(B. Rev.) 

Prolapse, uterine, postoperative pelvic 
enterocele and (Prank and 
Colp), 94 

Proximal small bowel, treatment of fis- 
tulas of (Macnaughton), 372 

Pulmonary abscess, role of bronchoscopv 
in treatment of (Moersch anil 
Olsen), 1)05 

Puncture, lumbar, inefficacy of, for re- 
moval of red blood cells from 
cerebrospinal fluid (Meredith), 


R 

Radiological Society of North America, 
report of twenty-sixth annual 
meeting of, Cleveland, Ohio, 
Dee. 2-0, 1940 (Borman), 320 
Record keeping, system of surgical fol- 
low-up and (Gardner, Jr.), 591 
Red blood cells, inefficacy of lumbar 
puncture for removal of, from 
cerebrospinal fluid (Meredith) 
524 " 

Renal disease, unilateral, and hyperten- 
sion (Abeshouse), 942 
Research, cooperative, and priority 
(Ravdin), 132 (E) 

Resection, two-stage, of carcinoma of 
ampulla of Vater (Moreland 
and Freeman), 712 


Sarcoma, primary, of stomach (Cameron 
and Breslich), 910 

•ilncl and high frequency current in 
nephrotomy, relative merits of 
(Higgins and Glazier), 220 

***■"!& 

Bloomentlial), 508 

Sh _°^“eSive m ai H to hemolytic strop- 


SC: 


. 

pOStOP t r o“occV wound 'i nfection 

(Stewart), 204 

variability of, * toxic drug shock 
(Neuwelt et ai-ti 


Shock— Cont’d 

toxic drug, variability of shock syn- 
drome in (Neuwelt et al.), 503 
traumatic, recent advances in study 
and management of (Ilarkins), 
231, 447, 007 

Shoulder region, tumors of, treatment of, 
by intcrseapulothoraeic ampu- 
tation (Strode and Fennel), 394 
Silver clip, autolocking (DeBakey), 93S 
Sinus, coronary, obstruction, experi- 
mental, physiology, pathology, 
and clinical significance of 
(Robertson), 1 

Skin graft, three-quarter thickness, and 
skin grafting (Padgett), 003 
(E) 

grafting and three-quarter thickness 
skin graft (Padgett), 033 (E) 
Skull, metastases in, from carcinoma of 
thyroid (Turner and German), 
403 

Small bowel, proximal, treatment of fis- 
tulas of (Maenaugliton), 372 
Southern Surgical Association meeting, 
review of, Dec. 10, 11, 12, 1940, 
Hot Springs, Va. (Storck), 303 
Sphincter of Oddi (Boyden), 443 (E) 
Spinothalamic tract, section of, in 
medulla with observations on 
pathway for pain (Schwartz 
and O’Leary), 1S3 

Splenectomy, indication for, in associa- 
tion of anemia and splenome- 
galy (Wilensky), 99 
Splenomegaly-, indication for splenectomy- 
in association of anemia and 
(Wilensky), 99 

Spontaneous cerebral hemorrhage (Fur- 
low et al.), 75S 
Stainless, annealed, steel wire sutures 
and ligatures, mechanical su- 
periority of (Preston), S9G 
Staphylococci, capillary permeability in 
areas of inflammation produced 
by (Rigdon), 436 

Staphylococcic septicemia (Goldberg and 
Bloomentlial), 50S 

Statistical method (Campbell) S°5 ■ 
(Wilson), 941 ( E ) ’ “ ’ 

Steel wire sutures and ligatures, annealed 
stainless, mechanical superiority 
of (Preston), S9G J 

Stoma, malfunctioning gastroenteros- 

<c ""“ 

syph.hs of, necessitating total gastrec- 
tomy (Avent), 57 i k lret 
Stones, urinary (Brown and Brown), 
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Vaccinal ion, peritoneal, irrigation, ami 
chemotherapy in treatment of 
experimental peritonitis 
(Schmidt ot ah), 871 
Veins, hepatic, acute complete obstruc- 
tion of (Dickinson), 507 
Visceromotor and viscerosensory func- 
tions of autonomic nervous sys- 
tem ( White) , 12-1 

Viscerosensory and visceromotor func- 
tions of autonomic nervous sys- 
tem (White), 121 

Vitamin IC-aetive substances, synthetic, 
oral and parenteral use of, in 
h y p o p r o t h r o m b i n e m i a 
(Stewart), 212 

1C, synthetic (2-methyI-3, 1-naphtho- 
quinone), oral administration of 
(Anderson et at.), 8<»1 
Vulva, diseases affecting, S21 (B. Rev.) 


W 

Wartime, shock in (Harkins), 019 
Western Surgical Association, fiftieth 
annual meeting of, Dee. 0 and 
7, 1910, Topeka, Kan. (Hib- 
bard), 295 

Wire sutures and ligatures, annealed 
stainless steel, mechanical su- 
periority of (Preston), S9(i 
Wound disruptions, obstetric and gyne- 
cologic abdominal, closure and 
subsequent care of (Hesseltine 
and Bohlender), 10 
healing (Chouke and Whitehead), 191 
infection, hemolytic streptococcus, 
postoperative shock due to 
(Stewart), 201 

separation, postoperative, management 
of (Fallis), 398 




